Probabilistic Evaluation of the Rotation Capacity of Steel Joints

A.6.3 Simulation Results
Electronic Appendix included in the annexed CD-Rom
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The simulation results for the described cases are displayed sequentially as follows:

Calculation summary presenting the percentage of simulations that DID NOT CONVERGE, DUCTILES, FAILURES
Figure— Calculation summary.

All simulated connections Moment-rotation curves
Figure—All curves.

Failure modes counter and respective percentage(of total simulations)

Figure — Failure modes counter

All simulated connections Moment-rotation curves and failure points marked in red.
Figure— All failures.

For each failing component, the distribution of Failure points(Red) and Yield points (yellow).

Figure— Failures by component

Cloud of Failures (M/rot)
Figure—Failurecloud

Histogram of rotations (mrad) at failure for all simulations and respective statistical parameters.

Figure—Histogram of rotation at failure.

Histogram of bending moments (kNm) at failure for all simulations and respective statistical parameters
Figure—Histogram of bending moment at failure.

Histogramsfor failuresof component XX

Histogram of rotations (mrad) at failure of component XX and respective statistical parameters.

Histogram of bending moments (kNm) at failure of component XX and respective statistical parameters.

Figure—Histograms of rotations and bending moments at failure by responsible component.

Histogram of bending moments (KNm) when a rotation of 30_mrad isreached and respective statistical parameters

Figure—Histogram for rotation=30 mrad
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

1.1 BEAM-TO-COLUMN EXTENDED END-PLATE JOINT
(Based in the SERICON 109.005 connection)



111

Extended Connection

Critical Component in Compression Zone

Probabilistic Characterization of Steel Yield Stress

Simulation details, statistical properties and studied cases

Real (measured) Steel properties

Normal Law Mixed "binormal" Law
Fynominal | fyreal fu
- - N N i 0.75] 0.25] [ N/mm2] [ N'mm2] [[ N/mm2]|
_ Nor_mal Density Function 268.36 = BlNc_)rmaI Density Function 2820 3325 Column
X Yield Strength - S235 o =560 DEOZS ] Yield Strength - S235 Y 250%) 5.01% Flange 535 7759 70050
G025 sD 20.28) ) sD 1269  19.98 Web 235 306,60 | 445,00
0.02 P5% 235.00 002 - P5% 26L12] _ 299.67 Beam
0.015 — 0.015 ] Flange 235 284,60 | 413,00
0.01 — 0.01 = Web 235 315,60 | 298,00
0.005 0.005 |\, e Endplate 235 323,00 0,00
0+ Mpa ol y Bolts | M2410.9 | 900,00 | 1000,00
o o o o o o o
5 2 8 8 8 2 9 2 8 B 8§ 8 § 8
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk nominal real Normal distribution Binor mal distribution calibrated =
a=0.75 a=0.25 real (109.005) oV Df/DY ov
X (P X>x)* X (P X>X)* a =a Fyk | cv=7.5% cV cvV
[31]  [ColumnWebin Transverse Tension 417.04]  98.69% 544.11] 12.24%| 1.20] 500.45 7.50%|  500.45 450%|  590.12] 6.01% 1.50E+06] 1.70E+04] 1.50E+04]  50.00%|  20.00)
[41]  [Column Flangein Bending 39223  98.69% 460.50) 61.35%| 1.20] 47068 7.50%]  470.68 450%|  555.01] 6.01% 3.75E+06] _3.37E+05] 200.00
[5.1] _|End-Platein Bending 462.29]  98.69% 635.40) 2.63%| 120 554.75 7.50%|  554.75 450%|  654.14] 6.01% 2.41E+07| _1.44E+05 200.00)
[10.1] [Boltsin Tension 635.00]  98.69% 635.00) 98.69%| 1.20] 762.00 7.50%]  762.00 450%| 89853 6.01% 1.31E+06] _1.31E+04] 3.00
[3.2] _ [Column Web in Transverse Tension 175.04]  98.69% 228.37| 12.24%] 1.20] 210.05 7.50%]  210.05 450%|  247.68] 6.01% 1.50E+06] 1.05E+03[ 1.05E+03]  50.00%]  10.00]
[4.2]  [Column Flangein Bending 350.37]  98.69% 411.35) 61.35%| 1.20]  420.44]  7.50%|  420.44] 450% 49577 6.01% 3.75E+06] _4.92E+04] 200.00
[52] _ |End-Platein Bending 462.29]  98.69% 635.40) 2.63%| 120 554.75 7.50%]  554.75 450%|  654.14] 6.01% 2.45E+07] _2.45E+05 200.00
[82] [BeamWebin Tension 67752  98.69% 909.90) 5.61%| 120 813.03 7.50%]  813.03 450%|  958.70] 6.01% 1.00E+12] 1.00E+10 200.00
[10.2] [Boltsin Tension 635.00]  98.69% 635.00) 98.69%| 1.20] 762.00 7.50%| _ 762.00 450%| 89853 6.01% 1.31E+06] 5.91E+03 3.00
[4] Column Web Panel in Shear -416.83|  98.69%|  -543.83 12.24%| 1.20]  -500.20 7.50%] _-500.20 450%| -589.81] 6.01% 6.11E+05| 1.83E+04] 3.06E+04]  50.00%|  200.00)
[2] Column Web in Transverse Compression -461.65]  98.69%|  -602.31 12.24%| 1.20]  -553.98] 7.50%]  -553.98 450%| -653.24]  6.01% 2.46E+06] 1.23E+05]  7.38E+04] 100.00%|  12.00] 15.00] 50.00%]
] Beam Flange in Compression 99352 98.69%| -1203.22 45.11%| 1.20] -1192.23 7.50%] -1192.23 4.50%| -1405.84]  6.01% 1.00E+12] 1.00E+10 10.00
[19] Welds

*Cumulative distribution function for the normal
distribution



Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Case A.l Kp
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Bmormal d|str|bu_t|on | calibrated = Af
nominal 0=0.76 0=0.26 e 1 (109.005) " v |¢=AUAY| m e
X u=x Fyk cv=7.5% u CcV 1 (%%

[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68| 4.50% 555.01 6.01%| 3.75E+06 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53 6.01%| 1.31E+06 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03| 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%]| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03[ 4.50% 958.70] 6.01%| 1.00E+12| 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05| 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98[ 4.50% -653.24 6.01%]| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%]| -1192.23| 4.50%]| -1405.84 6.01%| 1.00E+12 1.00E+10 10.00
[19] Welds

Case A.2 Kp

Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Blnormal d|str|bu_t|on | calibrated _
nominal a=0.77 a=0.27 rea (109.005) H cv.  |e=AfAY] u cv
X p=x Fyk cv=7.5% u CcV 1 CcV

[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68] 4.50% 555.01] 6.01%| 3.75E+06| 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03] 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%]| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03| 4.50% 958.70 6.01%| 1.00E+12 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53| 6.01%| 1.31E+06| 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05( 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98| 4.50% -653.24 6.01%| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%)| -1192.23| 4.50%| -1405.84 6.01%] 1.00E+12 1.00E+10 10.00
[19] Welds
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Case B1 Kp+Fy
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Bmormal d|str|bu_t|on | calibrated = Af
nominal 0=0.78 0=0.28 e 1 (109.005) " v |¢=AUAY| m e
X u=x Fyk cv=7.5% u CcV 1 (%%

[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68| 4.50% 555.01 6.01%| 3.75E+06 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53 6.01%| 1.31E+06 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03| 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%]| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03[ 4.50% 958.70] 6.01%| 1.00E+12| 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05| 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98[ 4.50% -653.24 6.01%]| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%]| -1192.23| 4.50%| -1405.84 6.01%| 1.00E+12 1.00E+10 10.00
[19] Welds

Case B2 Kp+Fy

Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Blnormal d|str|bu_t|on | calibrated _
nominal a=0.76 a=0.26 rea (109.005) H cv.  |e=AfAY] u cv
X p=x Fyk cv=7.5% u CcV 1 CcV

[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68] 4.50% 555.01] 6.01%| 3.75E+06| 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03] 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%]| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03| 4.50% 958.70 6.01%| 1.00E+12 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53| 6.01%| 1.31E+06| 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05[ 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98| 4.50% -653.24 6.01%| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%)| -1192.23| 4.50%| -1405.84 6.01%| 1.00E+12 1.00E+10 10.00
[19] Welds
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Case B.3 Kp+Fy
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk real Normal distribution _Bmormal d|str|bu_t|on | calibrated = Af
nominal a=0.77 a=0.27 rea (109.005) 1] cv G=Af/AY | nu cv
X u=x Fyk cv=7.5% u CcV 1 (%%
[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68| 4.50% 555.01 6.01%| 3.75E+06 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53 6.01%| 1.31E+06 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03] 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%]| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03[ 4.50% 958.70] 6.01%| 1.00E+12| 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83 -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81 6.01%| 6.11E+05 1.83E+04] 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98[ 4.50% -653.24 6.01%]| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%]| -1192.23| 4.50%]| -1405.84 6.01%| 1.00E+12 1.00E+10 10.00
[19] Welds
[Case C.1 Kp+Fy+Df
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Blnormal d|str|bu_t|on | calibrated _
nominal a=0.78 a=0.28 rea (109.005) H cv. |e=AfaY] cv
X p=x Fyk cv=7.5% u CcV 1 CcV
[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68| 4.50% 555.01] 6.01%| 3.75E+06] 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00| 4.50% 898.53 6.01%| 1.31E+06 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03] 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03[ 4.50% 958.70] 6.01%| 1.00E+12| 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53| 6.01%| 1.31E+06| 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05| 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98| 4.50% -653.24 6.01%| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%)| -1192.23| 4.50%| -1405.84 6.01%] 1.00E+12 1.00E+10 10.00
[19] Welds
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[Case C.2 Kp+Fy-+Df
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk Normal distribution Binormal distribution calibrated
nominal real a=0.79 a=0.29 real (109.005) u cv o= AfIAY W cv
X u=x Fyk cv=7.5% u CcV 1 (%%
[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04] 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68| 4.50% 555.01 6.01%| 3.75E+06 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53 6.01%| 1.31E+06 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03| 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%]| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03[ 4.50% 958.70] 6.01%| 1.00E+12| 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05| 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98| 4.50% -653.24 6.01%| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00] 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%]| -1192.23| 4.50%]| -1405.84 6.01%| 1.00E+12 1.00E+10 10.00
[19] Welds
[Case C.3 Kp+Fy+Df
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk Normal distribution Binormal distribution calibrated
nominal real a=0.79 a=0.29 real (109.005) H v o= Af/AY H cv
X p=x Fyk cv=7.5% u CcV 1 CcV
[3.1] Column Web in Transverse Tension 417.04 544.11 1.20 500.45 7.50% 500.45| 4.50% 590.12 6.01%| 1.50E+06 1.70E+04| 1.50E+04 50.00% 20.00
[4.1] Column Flange in Bending 392.23 460.50 1.20 470.68 7.50% 470.68] 4.50% 555.01] 6.01%| 3.75E+06| 3.37E+05 200.00
[5.1] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.41E+07 1.44E+05 200.00
[10.1] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53] 6.01%| 1.31E+06] 1.31E+04 3.00
[3.2] Column Web in Transverse Tension 175.04 228.37 1.20 210.05 7.50% 210.05| 4.50% 247.68 6.01%| 1.50E+06 1.05E+03| 1.05E+03 50.00% 10.00
[4.2] Column Flange in Bending 350.37 411.35 1.20 420.44 7.50% 420.44| 4.50% 495.77 6.01%| 3.75E+06 4.92E+04 200.00
[5.2] End-Plate in Bending 462.29 635.40 1.20 554.75 7.50% 554.75| 4.50% 654.14 6.01%| 2.45E+07 2.45E+05 200.00
[8.2] Beam Web in Tension 677.52 909.90 1.20 813.03 7.50% 813.03| 4.50% 958.70 6.01%| 1.00E+12 1.00E+10 200.00
[10.2] |Bolts in Tension 635.00 635.00 1.20 762.00 7.50% 762.00] 4.50% 898.53| 6.01%| 1.31E+06| 5.91E+03 3.00
[1] Column Web Panel in Shear -416.83]  -543.83 1.20 -500.20 7.50% -500.20{ 4.50% -589.81] 6.01%| 6.11E+05| 1.83E+04| 3.06E+04 50.00% 200.00
[2] Column Web in Transverse Compression -461.65 -602.31 1.20 -553.98 7.50% -553.98| 4.50% -653.24 6.01%| 2.46E+06 1.23E+05| 7.38E+04| 100.00% 12.00f 15.00{ 50.00%
[7] Beam Flange in Compression -993.52| -1203.22 1.20 -1192.23 7.50%)| -1192.23| 4.50%| -1405.84 6.01%] 1.00E+12 1.00E+10 10.00
[19] Welds
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1.1.2 CaseA —Variability of Kp critical component (Component [2])

1.1.2.1 A.1) nominal F¥ (10.000 Combinations)

Events

Mo Convergence :E.DH%—:|—1 Mo Convergence :6.09% | ------------ R R
Ductiles (0% - Ductiles 0% [--------------- mmmmm----- Fommem---- Temmm----- a------- -
Failures 193.91% 4 Failures :93.91% [----1

R

0 2000 4000 gaaa goao 10000 12000

Events
Figure 1 —Calculation summary.
M [kMm] All Curves

5 10 15 20 25 30 35 40 45 soRotlm
Total Combinations: 10000

Figure2—All curves.




Electronic Appendix

Simulation Results

Failure Modes Diagram - Mumb. Events
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Figure 3 — Failure modes counter.
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Figure4 - All failures.

3.1 Column Web in Tension

2 Column Web in Compression
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints
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Figure5 - Failures by component

Histogram of Rot (failure)

Total Points;9391

Points in Range:

Points out-of-Range:6.09
Mean:34.39764

Standard deviation:12.86011
P5%:13.23848
P95%:55.53967
Skewness:-0.6356
kurtosis:-0.8875

Figure 6 —Histogram for rotation at failure.

Histogram of M (faillre)

(1 TemeEeEEeEs S s EEEEECECEEe S s Rl
0 L IS o I —

9% IS (— o S (—
. — fus NN B—
ozl SRS S, S—
05, booooeenaees frmmmoennaees oo

o S— A— —
- S R R beneonoeeee b

0 : : l

a0 100 130

Total Points:9391

Pointsin Range:

Points out-of-Range:6.09
Mean:288.47021

Standard deviation:41.76303
P5%:219.75611
P95%:357.12863
Skewness:-1.27683
kurtosis:2.026

Figure 7 —Histogram for moment at failure.
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Simulation Results

Histogramsfor failures of component 3.1

Histogram of Rot Failure_0
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Total Points:3299

Pointsin Range:32.99
Points out-of-Range:67.01
Mean:46.78647

Standard deviation:0.63742
P5%0:45.7377
P95%:47.83438
Skewness:-0.21042
kurtosis:-0.86915

Total Points:3299
Pointsin Range:32.99
Points out-of-Range:67.01
Mean:325.65476

Standard deviation:0.03271
P5%:325.60094
P95%:325.70854
Skewness:0.11775
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Histogramsfor failures of component 2

Histogram of Rot Failure_10

Histogram of M Failure_10

014
0094----
0084----
007 4----
et
890,05 4
0.04
0034----
0024----
0.01 4
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Standard deviation:11.25329
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P95%:46.19246
Skewness:-0.19099
kurtosis:-0.96582

Total Points:6093

Points in Range:60.93
Points out-of-Range:39.07
Mean:268.34306

Standard deviation:39.17477
P5%:203.8875
P95%:332.74639
Skewness:-1.17055
kurtosis:2.50742

Figure 8 — Histograms of rotations and bending moments at failure by responsible component.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of M - rot*

Total Points:6073
Pointsin Range: 60.73
Points out-of-Range: 39.27
Mean:283.92775

Standard deviation:2.71
P5%0:279.4689
P95%:288.383
Skewness:-0.36887
kurtosis:-0.77981

Figure 9 — Histogram for rotation=30 mrad
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Electronic Appendix Simulation Results

1.1.2.2  A.2)real F' (10.000 Combinations)

Evertz
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Figure 10 — Calculation summary.

B [k All Cumes
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Figure 11 —All curves.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Failure Modes Diagram - Mumb. Events
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Figure 12 — Failure modes counter
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Figure 13- All fai

lures.

10.1 Boltsin tension

2 Column Web in Compression
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Electronic Appendix

Simulation Results
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Figure 14 — Failur es by component

Histogram of Rot (failure)

Total Points;9365

Points in Range:6.35

Points out-of-Range:6.35
Mean:44.02923

Standard deviation:16.37354
P5%:17.08931
P95%:70.94733
Skewness:-0.6871

kurtosis:-0.85593

Figure 15 —Histograms of rotations at failure.
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Figure 16 — Histograms of bending moments at failure.

Histogramsfor failures of component 10.1
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of Rot Failure_3
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Histogramsfor failures of component 2
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Histogram of M Failure_10

01
oo -
0.0 |
0.7 |
0,05 |

2005
oo -
0o3d---
ooz |
0o 4

Total Points:5750

Pointsin Range:57.5

Points out-of-Range:42.5
Mean:344.90053

Standard deviation:50.27864
P5%0:262.17541
P95%:427.55861
Skewness:-1.17686
kurtosis:2.44932

Figure 17 — Histograms of rotations and bending moments at failur e by responsible component.
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Px

Histogram of M - rot*
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Mean:345.39193
Standard deviation:3.7513
P5%:339.21979
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Skewness:-1.117
kurtosis:3.68679

Figure 18 — Histogram for rotation=30 mrad
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

1.1.2.3 A.3)real F' (10.000 Combinations)
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Figure 19 — Calculation summary.
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Figure 20 —All curves.
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Simulation Results

Failure Modes Diagram - Mumb. Events
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Figure 21 — Failure modes counter
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Figure22 —All failures.

10.1 Boltsintension

3.2 Column Web in Tension
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints
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Figure 23 — Failures by component

Histogramsfor failures of component 10.1

Histogram of Rot Failure_3
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Points out-of-Range:56.46
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Standard deviation:9.93391
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kurtosis:-1.16287
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Histogram of M Failure_3
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Histogramsfor failures of component 3.2
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Histogramsfor failures of component 2
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of M Failure_10
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Figure 24 — Histograms of rotations and bending moments at failur e by responsible component.
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Figure 25— Histogram for rotation=30 mrad




Electronic Appendix Simulation Results

1.1.3 CaseB —Variability of Kp and F" of the componentsin shear and
compression zone (Component [1], [2], [7])

1.1.3.1 B.1) F" normal([1], [2], [7]) + Kp ([1]. [2])
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Figure 26 — Calculation summary.
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Figure 27 — All curves.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Failure Modes Diagram - Mumb. Events
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Figure 28 — Failure modes counter
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Figure 29 —Histogram of rotation at failure.
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Figure 30 — Histogram of moment at failure.
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Histogramsfor failures of component 10.1

Tota Points:13280
Pointsin Range:13.28

Histogram of Rot Failure_3

Points out-of-Range:86.72
Mean:70.1055

Standard deviation:8.85903
P5%0:55.52944
P95%:84.66974

D - -
47 4% 495051 525354 55 5657 56 596061 62 6364 56667 BSBATOT1 T2 7374 7576 77 76 74 Skewness:-1.22097
X
kurtosis.0.15726

Tota Points:13280
Pointsin Range: 13.28

Histogram of M Failure_3

Points out-of-Range:86.72

Mean:359.40472
Standard deviation:54.54421
P5%:269.66131

P95%:449.0754

240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 Skewness:-0.8162
X
kurtosis:-0.09985

Histogramsfor failuresof component 3.2

Histogram of Rot Failure_4 Total Points:11100

g;i: N Pointsin Range:11.1
o Points out-of-Range:88.9
it Mean:58.30091
£ gj% Standard deviation:15.21142
006 P5%6:33.27306
o P95%:83.30848
v 25 30 32 34 36 35 40 42 44 46 45 S0 52 54 55 58 60 62 B4 EG BS 70 72 74 76 Skewness:-0.40754
- kurtosis-1.1171
Histogram of M Faiure_d Total Points:11100
0354 --- S

EERREEIEEE i T

Pointsin Range:11.1

4 Points out-of-Range:88.9
D;j Mean:268.95298
*oas)4 Standard deviation:92.44774
014 P5%:116.84562
Uitz P95%:420.93707

- T T T T T T T T T T T T T T T T T T .
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410420 | SKEWNess:0.92758
X
kurtosis:-1.11328

Histogramsfor failures of component 2

28




Probabilistic Evaluation of the Rotation Capacity of Steel Joints
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Figure 31 — Histograms of rotations and bending moments at failur e by responsible component.
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Figure 32 — Failur es by component
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Figure 33 — Histogram for rotation=30 mrad

30




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

1.1.3.2 B.2) F' binormal + Kp [1],[2], [7]*
*kp not simulated

Evertz

m____
=
#
.
.
.
.
.
:
.
:
.
.
.
.
.
.
.
.
.
.
:
.
.
.
.
.
.
.
:
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Mo Convergence (4.5

Mo Convergence (4 533%

Ductiles (0%

Ductiles (0%

Failures 95 457%

Failures ;95 457%

S
I
'
'
'
'
'
'
'
'
'
'
s [Py
'
'
'
'
'
'
'
'
'
'
'
LEsoadlsasosoac oo ooacoaooog
'
'
'
'
'
'
'
'
'
'
]
B T

. . . t . . . T . . . t . . . T . . . T .
0 100000 200000 300000 400000 Sa0aoo
Evertz

Figure 34 — Calculation summary.

B [letden| All Cumves

" 0 20 30 40 S BJ 70 B0 90 joRet(n
Tedal Cambinations: 405600

Figure 35—All curves.

31




Electronic Appendix

Simulation Results

Failure Modes Diagram - Mumb. Events

-
5
#

2-=79.164% 4

1-=0%

8.2-=0%

Ei e e

4. 2-=0%

3.2-25.414% 1

51-=0%
4.1-=0%
31-=0%

i B e

T A

R R

po——
0 30000

e
100000

o
1:30000

Events

e
300000

o
Fa0000

Figure 36 — All failure modes.
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10.1 Boltsin Tension 3.2 Column Web in Tension
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Figur e 38 — Failur es by component
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Figure 39 — Histogram of rotation at failure.
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Histogram of M (failure)
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Figure 40 — Histogram of bending moment at failure.
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Histogram of M Failure_4
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Figure 41 — Histograms of rotations and bending moments at failur e by responsible component.
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Figure 42 — Histogram for rotation=30 mrad

35




Electronic Appendix Simulation Results

1.1.3.3 B.3)F' normal + Kp [1], [2], [3.2]

Failures 193 827% Failures |98 527%

Events
Mo Convergence 11.17% 4— Mo Convergence 1 47% |---1--------- R R R EEEEEEEEEE L,
Ductiles 0% Cuctiles (0% [------------ TEEEEEEEEE ReEECLELE SRCELEECEEE EEEEEEEEE r--
T r
- s

| | | .
0 200000 400000 Ea0a00 S00000 1000000 420000 1400000
Evertz

Figure 43 — Calculation summary.
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Figure 44 — All curves.
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Failure Modes Diagram - Mumb. Events
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10.1 Boltsin Tension 3.2 Column Web in Tension
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Figure 47 — Failur es by component.
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Figure 48 —Histogram of rotation at failure.
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Figure 49 — Histogram of bending moment at failure.
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Figure 50 — Histograms of rotations and bending moments at failur e by responsible component.
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Figure51 — Histogram for rotation=30 mrad
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1.1.4 CaseC —Variability of Kp, F" and Af.
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Figure 52 — Calculation summary.
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Failure Modes Diagram - Mumb. Events
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Figure 54 — Failure modes counter
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10.1 Boltsin Tension 3.2 Column Web in Tension
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Figur e 56 — Failur es by component
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Figure 57 — Histograms of Rotation and bending moment at failure
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Figure 58 — Histograms of rotations and bending moments at failur e by responsible component.
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Figure 59 — Histogram for rotation=30 mrad
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Figure 61 —All curves.
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Failure Modes Diagram - Mumb. Events
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10.1 Boltsin Tension
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Figur e 64 — Failur es by component

Total Points: 117022
Pointsin Range:

Points out-of-Range:6.38 %
Mean:37.09455

Standard deviation:19.11988
P5%0:5.63597
P95%:68.52764
Skewness:0.54839
kurtosis:-0.5129

Figure 65— Histogram for rotation at failure
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Histogram of M (failure)
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Total Points: 117022
Pointsin Range:

Points out-of-Range:6.38
Mean:364.64868

Standard deviation:54.92744
P5%:274.27472
P95%:454.9494
Skewness:-1.05594
kurtosis:1.40494

Figure 66 — Histogram for bending moment at failure

Histogramsfor failures of component 10.1

Histogram of Rot Failure_3

Total Points:26048

Points in Range:20.84
Points out-of-Range: 79.16
Mean:64.368

Standard deviation:11.09168
P5%:46.11849
P95%:82.60273
Skewness:-0.2338
kurtosis:-1.58173

Hizstogram of M Failure_3
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Total Points:26048

Points in Range:20.84
Points out-of-Range:79.16
Mean:381.64329

Standard deviation:50.65445
P5%:298.29984
P95%:464.9192
Skewness:-1.20395
kurtosis:0.13631

Histogramsfor failuresof component 3.2

Histogram of Rot Failure_4
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00554 ---
0.05§---
00454 ---
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00354---
Foozd---
00254 ---
0.02 §
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0.0 4
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Total Points:27034
Pointsin Range:21.63
Points out-of-Range: 78.37
Mean:37.84808

Standard deviation:4.98706
P5%:29.64271
P95%:46.04681
Skewness:-0.01706
kurtosis:-0.95763
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Simulation Results

Histogram of M Failure_4

Total Points:27034
Pointsin Range:21.63
Points out-of-Range: 78.37
Mean:414.5818

Standard deviation:2.14366
P5%0:411.05477
P95%:418.10597
Skewness:-0.31949
kurtosis:-0.3462

Histogramsfor failures of component 2

Histogram of Rot Failure_10

Total Points:63994
Pointsin Range:51.2

Points out-of-Range:48.8
Mean:25.68271

Standard deviation:13.22041
P5%:3.93072
P95%:47.41706
Skewness:0.96651
kurtosis:0.68097

Histogram of M Failure_10

Total Points:63994
Pointsin Range:51.2

Points out-of-Range:48.8
Mean:336.68055

Standard deviation:50.19913
P5%:254.08625
P95%:419.20792
Skewness:-1.03553
kurtosis:2.9306

Figure 67 — Histograms of rotations and bending moments at failur e by responsible component.

Histogram of M - rot*
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Total Points: 71915
Pointsin Range:

Points out-of-Range:42.47
Mean:360.58799

Standard deviation:36.55144
P5%:300.44869
P95%:420.67855
Skewness:-0.72092
kurtosis:-0.39992

Figure 68 — Histogram for rotation=30 mrad
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

1143 C.2b)Kp[2],[1] and F'[1], [2], [3.2] (real) and Af [2]
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Figure 70 —All curves.
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Simulation Results

Failure Modes Diagram - Mumb. Events
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Figure 71 — Failure modes counter
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Figure 72 —All failures.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

10.1 Boltsin Tension
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3.2 Column Web in Tension
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Figure 73 — Failur es by component

Histogram of Rot (failure)

Total Points:117822

Pointsin Range:94.26
Points out-of-Range:5.74
Mean:38.0947

Standard deviation:18.36837
P5%:7.87261

P95%:68.2923

Skewness:0.33767

kurtosis:-0.56081

Figure 74 — Histogram for rotation at failure
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Total Points;117822

Histogram of M (failure)
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Pointsin Range:94.26
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03 Mean:373.64391
S D;j Standard deviation:52.12498
0131 P5%:287.88094
o] PO5%:459.33738

Skewness:-1.13557
kurtosis:0.73848

Figure 75— Histogram for bending moment at failure

Histogramsfor failures of component 10.1

Histogram of Rot Failure_3 Total Points:27878

Pointsin Range:22.3

Points out-of-Range: 77.7
Mean:62.47085

Standard deviation:10.37823
P5%:45.39521
P95%:79.53266

Skewness:-0.03186
kurtosis:-1.61973

Histogram of M Failure_3 Total Points:27878

Pointsin Range:22.3

Points out-of-Range:77.7
Mean:398.88917

Standard deviation:30.80906
P5%:348.198
P95%:449.53926

Skewness:-1.33168

kurtosis:0.15255

Histogramsfor failuresof component 3.2

Histogram of Rot Failure_4 Total Points:35087

Points in Range: 28.07
Points out-of-Range: 71.93
Mean:38.40472

Standard deviation:5.1476
P5%:29.9352
P95%:46.86738

Skewness:-0.32247

kurtosis:-1.00283




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of M Failure_4
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Total Points:35087

Points in Range:28.07
Points out-of-Range: 71.93
Mean:414.79459

Standard deviation:2.23181
P5%0:411.12252
P95%:418.46368
Skewness:-0.59612
kurtosis:-0.34807

Histogramsfor failures of component 2

Histogram of Rot Failure_10

Total Points:55026

Points in Range:44.02
Points out-of-Range:55.98
Mean:25.57976

Standard deviation:13.9187
P5%:2.67885
P95%:48.46211
Skewness:0.90009
kurtosis:0.44087
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Total Points:55026

Points in Range:44.02
Points out-of-Range:55.98
Mean:334.74897

Standard deviation:49.2356
P5%0:253.74
P959%6:415.6923
Skewness:-0.60372
kurtosis:0.44616

Figure 76 — Histograms of rotations and bending moments at failur e by responsible component.

Histogram of M - rot*
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Total Points: 78739

Points in Range:62.99
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Mean:365.48521

Standard deviation:31.61341
P5%:313.47062
P95%:417.45766
Skewness:-0.63029
kurtosis:-0.65627

Figure 77 — Histogram for rotation=30 mrad
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1144 C.3)Kp[2],[1] and F'[1],[2], [3.2] (nominal) and Af [2]
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Figure 79 — All curves and failures.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Failure Modes Diagram - Mumb. Events
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Figure 80 — Failure modes counter

31 : 30178
3.2 : 36603
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3.1 Column Web in Tension

3.2 Column Web in Tension
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Simulation Results

Histogram of Rat (failure)

Total Points; 116479
Pointsin Range:

Points out-of-Range:6.82
Mean:30.97832

Standard deviation:14.45659
P5%:7.19241
P95%:54.74496
Skewness:0.17234
kurtosis:-0.78065

Figure 82 - Histogram for rotation at failure

Histogram of M (faillre)
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Total Points: 116479

Points in Range:

Points out-of-Range:6.82
Mean:278.5574

Standard deviation:64.43833
P5%:172.53488
P95%:384.49401
Skewness:-2.36988
kurtosis:8.84094

Figure 83 - Histogram for moment at failure.

Histogramsfor failures of component 3.1

Histogram of Rot Failure_0

Total Points:30178
Pointsin Range:24.14
Points out-of-Range: 75.86
Mean:47.28277

Standard deviation:8.28642
P5%:33.64885
P95%:60.90564
Skewness:0.09796
kurtosis:-1.73549

Total Points:30178
Pointsin Range:24.14
Points out-of-Range: 75.86
Mean:316.24056

Standard deviation:19.84154
P5%:283.59461
P95%:348.86006
Skewness:-1.76581
kurtosis:1.27852

58




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogramsfor failuresof component 3.2

Histogram of Rot Failure_4

Total Points:36603
Pointsin Range:29.28
Points out-of-Range: 70.72
Mean:32.96764

Standard deviation:7.55598
P5%0:20.53553
P95%:45.38967
Skewness:1.28115
kurtosis:1.35686
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Total Points:36603
Pointsin Range:29.28
Points out-of-Range: 70.72
Mean:298.93778

Standard deviation:55.3554
P5%:207.85971
P95%:389.94205
Skewness:-2.15344
kurtosis:3.14674

Histogramsfor failuresof component 2

Histogram of Rot Failure_10

Total Points:49829

Points in Range:39.86
Points out-of-Range:60.14
Mean:19.66044

Standard deviation:10.63905
P5%:2.15566
P95%:37.15104
Skewness:0.96157
kurtosis:0.5957
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Total Points:49829
Pointsin Range:39.86
Points out-of-Range:60.14
Mean:240.88851

Standard deviation:68.1092
P5%:128.82618
P95%:352.86004
Skewness:-2.6297
kurtosis:10.09983

Figure 84 — Histograms of rotations and bending moments at failur e by responsible component.
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Tota Points:60608

Histogram of M - rot*

Pointsin Range:48.49
Points out-of-Range:51.51
Mean:284.34774

Standard deviation:37.64553
P5%:222.40829
P95%:346.237

Skewness:-1.40446
kurtosis:1.179

Figure 85— Histogram for rotation=30 mrad
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1.2 BEAM-TO-COLUMN FLUSH END-PLATE STEEL JOINT

(Lima Connection FE1 as base)



121

Flush Connection (Luciano Lima test)
Critical Component in Tension Zone

Simulation details, statistical properties and studied cases

Probabilistic Characterization of Steel Yield Stress

Real (measured) Steel properties

Normal Law Mixed "binormal" Law
Fy Nominal |fyreal fu
Normal Density Function BiNormal Density Function
Yield Strength - S275 lclv ?;13070/2 Yield Strength - 275 : 33?073 35(5)92i Column 2] e
. sD 23.53 — oV 4.50%) 6.01% Flange 275 342.9 477.3
S0z - P5% 275.00 03 - D 14.85 23.3 Web 275 372.0 4488
0‘0'15 A 0.02 P5% 305.57, 350.67] Beam
0.01 / \ : Flange 275 340.1 448.2)
0.005 —_— 0.01 F— Web 275 363.4 454.3
0t ~Wpa 0 +— " MPa Endplate 275 369.4 503.5
E § g § § § § 8 5 § r% § § § § § Bolts M20 10.9 900.0 1000.0]
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk nominal real Normal distribution Binormal digtribution el calibrated =
a=0.75 a=0.25 r (109.005) H v Df/DY H v
X (P X>x)* X (P X>x)* a p=aFyk | cv=7.5% u cv [T} cv
[3.1] |Column Web in Transverse Tension 445.36 98.69% 602.45 4.49% 1.20 534.43 7.50% 534.43 4.50%) 630.18 6.01%) 1.48E+06 1.48E+04 1.48E+04 50.00% 10.00 10.00 50.00%
[4.1] |Column Flange in Bending 375.48 98.69% 408.32 89.44% 1.20]  450.58 7.50% 450.58 4.50%) 531.30 6.01%) 8.03E+06 8.03E+03]  8.03E+03 50.00% 200.00] 200.00 50.00%
[5.1] |End-Platein Bending 305.79 98.69% 339.36 84.19% 1.20]  366.95] 7.50%) 366.95 4.50%) 432.69 6.01%) 2.63E+06 1.05E+04 1.05E+04] 50.00% 200.00[ 200.00 50.00%
[8.1] |Beam Webin Tension 365.68 98.69% 483.23 8.86% 1.20] 438.82 7.50% 438.82 4.50%) 517.44 6.01%) 1.00E+12 1.00E+10 1.00E+10 50.00% 200.00]  200.00 50.00%
10.1] |Boltsin Tension 441.00 98.69% 441.00] 98.69% 1.20} 529.20 7.50%) 529.20 4.50%) 624.02 6.01%) 1.63E+06| 3.26E+04]  3.26E+04] 50.00% 3.00 3.00] 83.33%
1] Column Web Panel in Shear -474.77 98.69% -642.24 4.48% 1.20] -569.72 7.50%]| -569.72 4.50%) -671.80 6.01%) 1.58E+06 1.83E+04]  7.90E+04 50.00%, 200.00]  200.00 50.00%
2] Column Web in Transverse Compression -507.06 98.69% -634.55 28.38% 1.20] -608.47 7.50%|  -608.47 4.50%) -717.49 6.01%) 2.13E+06 1.23E+05|  6.40E+04] 50.00% 12.00 15.00 50.00%
7] Beam Flange in Compression -438.00 98.69% -555.57 22.35% 1.20] -525.60 7.50%]| -525.60 4.50%) -619.77 6.01%) 1.00E+12 1.00E+10 1.00E+10 50.00%, 10.00 10.00| 50.00%
119] Jwelds

*Cumulative distribution function for the
normal distribution




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

CaseAl
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk real Normal distribution _Bmormal d|str|but|_on cal calibrated i= DI/IDY
nominal a=0.75 a=0.25 r (109.005) m v 1= m v
X m=x Fyk = 7.59 m cv m oV
3.1] |Column Web in Transverse Tension 445.36 602.45| 1.20] 534.43] 7.50%| 534.43 4.50% 630.18| 6.01%) 1.48E+06 1.48E+04] 1.48E+04] 50.00% 10.00] 10.00]
4.1] ]Column Flangein Bending 375.48 408.32] 1.20] 450.58] 7.50%| 450.58 4.50%|  531.30]  6.01%) 8.03E+06) 8.03E+03|  8.03E+03 50.00% 200.00]  200.00
5.1] ]|End-Platein Bending 305.79 339.36 1.20| 366.95| 7.50%| 366.95 450%| 432.69]  6.01% 2.63E+06] 105E+04]  1.05E+04 50.00% 200.00]  200.00
8.1] ]|Beam Webin Tension 365.68 483.23] 1.20) 438.82| 7.50%| 438.82 450%| 517.44]  6.01% 1.00E+12 100E+10]  1.00E+10 50.00% 200.00]  200.00
[10.1] |Boltsin Tension 441.00] 441.00] 1.20) 529.20] 7.50%| 529.20 450%|  624.02]  6.01%) 1.63E+06 3.26E+04]  3.26E+04 50.00% 3.00 3.00)
[1]  ]|Column Web Panel in Shear -474.77 -642.24| 1.20 -569.72| 7.50%| -569.72 4.50%| -671.80]  6.01%) 1.58E+06 2.28E+05|  7.90E+04 50.00% 200.00]  200.00
[2] _ ]Column Web in Transverse Compression -507.06] -634.55| 1.20 -608.47| 7.50%| -608.47 450%| -717.49]  6.01%, 2.13E+06) 3.32E+05]  6.40E+04 50.00%) 12.00 15.00 40%
[7]  |Beam Flangein Compression -438.00 -555.57 1.20] -525.60] 7.50%| -525.60) 4.50%| -619.77]  6.01%) 1.00E+12 100E+10]  1.00E+10 50.00% 10.00 10.00
[19] |weds
Case A2
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk real Normal distribution _Bmormal d|str|but|_on cal calibrated i= DI/IDY
nominal a=0.75 a=0.25 ' (109.005) m “ )= m o
X m=x Fyk = 7.59 m Y] m oV
3.1] ]Column Web in Transverse Tension 445.36) 602.45 1.20] 534.43| 7.50%| 534.43 450%|  630.18]  6.01%) 1.48E+06 148E+04]  1.48E+04 50.00% 10.00 10.00
4.1] ]Column Flange in Bending 375.48 408.32] 1.20] 450.58] 7.50%| 450.58 450%| 531.30]  6.01%) 8.03E+06) 8.03E+03|  8.03E+03 50.00% 200.00]  200.00
5.1] ]|End-Platein Bending 305.79 339.36 1.20) 366.95| 7.50%| 366.95 450%| 432.69]  6.01% 2.63E+06] 105E+04]  1.05E+04 50.00% 200.00]  200.00
[8.1] |Beam Webin Tenson 365.68 483.23] 1.20| 438.82| 7.50%| 438.82 450%| 517.44]  6.01% 1.00E+12 100E+10]  1.00E+10 50.00% 200.00]  200.00
[10.1] |Boltsin Tension 441.00] 441.00] 1.20) 529.20] 7.50%| 529.20 450%|  624.02]  6.01%) 1.63E+06 3.26E+04]  3.26E+04 50.00% 3.00 3.00)
[1]  ]Column Web Panel in Shear -474.77 -642.24| 1.20 -569.72| 7.50%| -569.72 4.50%| -671.80]  6.01% 1.58E+06 4.37E+05|  7.90E+04 50.00% 200.00]  200.00
2] | Column Web in Transverse Compression -507.06] -634.55| 1.20 -608.47| 7.50%| -608.47 450%| -717.49]  6.01%, 2.13E+06| 5.41E+05|  6.40E+04 50.00%) 12.00 15.00 40%
7] |Beam Flangein Compression -438.00 -555.57 1.20] -525.60] 7.50%| -525.60) 4.50%| -619.77]  6.01%) 1.00E+12 100E+10]  1.00E+10 50.00% 10.00 10.00
19] |weds
Case A3
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk real Normal distribution _Bmormal d|str|but|_on cal calibrated i= DI/IDY
nominal a=0.75 a=0.25 ' (109.005) m d 1= m i
X m=x Fyk = 7.59 m cv m oV
3.1] ]Column Web in Transverse Tension 445.36) 602.45 1.20] 534.43| 7.50%| 534.43 450%|  630.18]  6.01%) 1.48E+06 148E+04]  1.48E+04| 50.00% 10.00 10.00
4.1] ]Column Flange in Bending 375.48 408.32] 1.20] 450.58] 7.50%| 450.58 4.50%|  531.30]  6.01%) 8.03E+06) 8.03E+03|  8.03E+03 50.00% 200.00]  200.00
5.1] ]|End-Platein Bending 305.79 339.36 1.20) 366.95| 7.50%| 366.95 450%| 432.69]  6.01% 2.63E+06] 105E+04]  1.05E+04 50.00% 200.00]  200.00
[8.1] |Beam Webin Tenson 365.68 483.23] 1.20) 438.82| 7.50%| 438.82 450%| 517.44]  6.01% 1.00E+12 100E+10]  1.00E+10 50.00% 200.00]  200.00
[10.1] |Boltsin Tension 441.00] 441.00] 1.20| 529.20] 7.50%| 529.20 450%|  624.02]  6.01%) 1.63E+06 3.26E+04]  3.26E+04 50.00% 3.00 3.00)
[1] _ ]Column Web Panel in Shear -474.77| -642.24] 1.20 -569.72| 7.50%| -569.72 4.50%| -671.80]  6.01%) 1.58E+06 4.37E+05|  7.90E+04 50.00% 200.00]  200.00
2] ]Column Web in Transverse Compression -507.06 -634.55 1.20] -608.47| 7.50%| -608.47 450%| -717.49]  6.01% 2.13E+06) 5.41E+05|  6.40E+04 50.00% 12.00 15.00 40%
7] |Beam Flangein Compression -438.00 -555.57 1.20] -525.60] 7.50%| -525.60) 4.50%| -619.77]  6.01%) 1.00E+12 100E+10]  1.00E+10 50.00% 10.00 10.00
19] |welds
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Simulation Results

CaseB1
Fy [kN] ke [kN/m] kp [KN/m] Df
Components FYk real Normal distribution _Bmormaj d|str|but|_on el calibrated i= DI/
nominal a=0.75 a=0.25 b (109.005) m o j=DfDY [ m
X m=x Fyk =7.59 m oY m oV
[3.1] ]Column Webin Transverse Tension 445.36) 602.45) 1.20 534.43] 7.50%| 534.43 4.50%|  630.18]  6.01%) 1.48E+06| 148E+04]  1.48E+04 50.00% 10.00) 10.00
[4.1] ]Column Flangein Bending 375.48 408.32 1.20 450.58] 7.50%|  450.58 450%| 531.30]  6.01% 8.03E+06 8.03E+03]  8.03E+03 50.00% 200.00[  200.00]
5.1] |End-Platein Bending 305.79 339.36 1.20 366.95 7.50%| 366.95 450%|  432.69]  6.01% 2.63E+06 1.05E+04]  1.05E+04 50.00% 200.00[  200.00]
8.1] |Beam Webin Tension 365.68 483.23 1.20 438.82] 7.50%| 438.82) 450%| 517.44]  6.01%) 1.00E+12 1.00E+10]  1.00E+10 50.00% 200.00]  200.00
10.1] |Boltsin Tension 441.00 441.00 1.20 529.20] 7.50%| 529.20 4.50%|  624.02]  6.01% 1.63E+06 3.26E+04|  3.26E+04 50.00% 3.00) 3.00
[1]  ]Column Web Panel in Shear -474.77 -642.24] 1.20 -569.72] 7.50%)| -569.72 4.50%| -671.80]  6.01% 1.58E+06 6.46E+05  7.90E+04 50.00% 200.00[  200.00]
2] | Column Webin Transverse Compression -507.06| -634.55 1.20 -608.47| 7.50%| -608.47 450%| -717.49]  6.01%) 2.13E+06| 7.51E+05|  6.40E+04 50.00% 12.00 15.00) 40%
7] |Beam Flangein Compression -438.00) -555.57] 1.20 -525.60] 7.50%)| -525.60 450%| -619.77]  6.01% 1.00E+12 1.00E+10]  1.00E+10 50.00% 10.00) 10.00
19] |weds
Case B2
Fy [kN] ke [kN/m] kp [kN/m] Df
L Binormal distribution )
Components no?w(ital real Normal distribution = —rT real C(i'(')g,r@ég m o j=DfDY| m o
X m=x Fyk = 7.59 m cv m cv
3.1] | Column Webin Transverse Tension 445.36] 602.45) 1.20 534.43] 7.50%| 534.43 4.50%|  630.18]  6.01%) 1.48E+06 1.48E+04]  1.48E+04 50.00% 10.00) 10.00
4.1] | Column Flangein Bending 375.48 408.32 1.20 450.58] 7.50%| 45058 450%| 531.30] 6.01% 8.03E+06 8.03E+03|  8.03E+03 50.00% 200.00[  200.00]
5.1] |End-Platein Bending 305.79 339.36 1.20 366.95| 7.50%| 366.95 450%|  432.69]  6.01% 2.63E+06 1.05E+04]  1.05E+04 50.00% 200.00[  200.00]
8.1] |Beam Webin Tension 365.68 483.23 1.20 438.82] 7.50%| 438.82) 450%| 517.44]  6.01% 1.00E+12 1.00E+10]  1.00E+10 50.00% 200.00[  200.00]
10.1] |Boltsin Tension 441.00 441.00 1.20 529.20] 7.50%| 529.20 450%|  624.02]  6.01% 1.63E+06 3.26E+04|  3.26E+04 50.00% 3.00) 3.00
1] |Column Web Pandl in Shear -474.77 -642.24] 1.20 -560.72] 7.50%| -569.72 4.50%| -671.80[  6.01% 1.58E+06 2.28E+05|  7.90E+04 50.00% 200.00[  200.00]
2] | Column Webin Transverse Compression -507.06] -634.55 1.20 -608.47] 7.50%)| -608.47 4.50%| -717.49]  6.01%) 2.13E+06] 3.32E+05|  6.40E+04 50.00% 12.00) 15.00) 40%
[7]  |Beam Flangein Compression -438.00) -555.57] 1.20 -525.60] 7.50%)| -525.60 4.50%| -619.77]  6.01% 1.00E+12 1.00E+10]  1.00E+10 50.00% 10.00) 10.00
[19] Jweds
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CaseCl1
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk el Normal distribution _Blnormal d|str|but|_on el calibrated i~ Df/
nominal r a=0.75 a=0.25 r (109.005) m o j=DiDY ] m o
X m=x Fyk _ pv=7.59 m cv m oV
3.1] |Column Web in Transverse Tension 445.36 602.45 1.20 534.43| 7.50%| 534.43 450%| 630.18]  6.01% 1.48E+06 148E+04]  1.48E+04) 50.00%, 10.00) 10.00 50%
4.1] |Column Flangein Bending 375.48 408.32 1.20 450.58] 7.50%|  450.58 4.50%|  531.30]  6.01% 8.03E+06|  8.03E+03]  8.03E+03 50.00%, 200.00]  200.00
5.1] |End-Platein Bending 305.79 339.36 1.20 366.95| 7.50%| 366.95 450%|  432.69]  6.01%) 2.63E+06 1.05E+04]  1.05E+04] 50.00%, 200.00)  200.00
8.1] [Beam Webin Tension 365.68 483.23 1.20 438.82[ 7.50%| 438.82 450%|  517.44]  6.01%) 1.00E+12 1.00E+10|  1.00E+10] 50.00%, 200.00]  200.00
[10.1] |Boltsin Tension 441.00 441.00 1.20 529.20[ 7.50%| 529.20 450%|  624.02]  6.01%) 1.63E+06]  3.26E+04]  3.26E+04] 50.00%, 3.00 3.00
Column Web Panel in Shear -474.77, -642.24/ 1.20 -569.72| 7.50%| -569.72) 4.50%| -671.80]  6.01%) 1.58E+06]  4.37E+05]  7.90E+04) 50.00%, 200.00]  200.00
Column Web in Transverse Compression -507.06, -634.55, 1.20 -608.47| 7.50%| -608.47| 450%| -717.49]  6.01% 2.13E+06 5.41E+05]  6.40E+04) 50.00%, 12.00) 15.00 40%
7] |Beam Flangein Compression -438.00) -555.57| 1.20 -525.60] 7.50%| -525.60 450%| -619.77]  6.01% 1.00E+12 1.00E+10]  1.00E+10] 50.00%, 10.00) 10.00
19] |Welds
Case C2
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk real Normal distribution _Bmormal d'StrIbUIl_on el calibrated i~ DFIDY
nominal a=0.75 a=0.25 r (109.005) m o 1= m o
X m=x Fyk =7.59 m cV m Y
3.1 _|Column Web in Transverse Tension 445.36 602.45 1.20 534.43[ 7.50%| 534.43 450%|  630.18]  6.01%) 1.48E+06 148E+04]  1.48E+04) 50.00%, 10.00) 10.00 50%
4.1] |Column Flangein Bending 375.48 408.32 1.20 450.58 7.50%|  450.58 450%|  531.30]  6.01%) 8.03E+06|  8.03E+03|  8.03E+03 50.00%, 200.00]  200.00
5.1] |End-Platein Bending 305.79 330.36 1.20 366.95| 7.50%| 366.95 450%|  432.69]  6.01%) 2.63E+06 1.05E+04]  1.05E+04] 50.00%, 200.00)  200.00
8.1 |Beam Webin Tension 365.68 483.23 1.20 438.82| 7.50%| 438.82 450%|  517.44]  6.01%) 1.00E+12 1.00E+10|  1.00E+10] 50.00%, 200.00]  200.00
10.1] [Boltsin Tension 441.00 441.00 1.20 529.20[ 7.50%|  529.20 450%|  624.02]  6.01%) 1.63E+06]  3.26E+04]  3.26E+04] 50.00%, 3.00 3.00
1] [Column Web Pandl in Shear -474.77, -642.24 1.20 -569.72| 7.50%| -569.72) 450%| -671.80]  6.01% 1.58E+06 6.46E+05]  7.90E+04] 50.00%, 200.00]  200.00
2] __|Column Web in Transverse Compression -507.06, -634.55, 1.20 -608.47| 7.50%| -608.47| 450%| -717.49]  6.01% 2.13E+06 7.51E+05]  6.40E+04] 50.00%, 12.00] 15.00
7] |Beam Flangein Compression -438.00) -555.57| 1.20 -525.60] 7.50%| -525.60) 450%| -619.77]  6.01%) 1.00E+12 1.00E+10|  1.00E+10] 50.00%, 10.00) 10.00
19] |welds
Case C3
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk rel Normal distribution _Bmormal dIStrIbLIII_OH el calibrated i~ DF/IDY
nominal a=0.75 a=0.25 r (109.005) m o 1= m o
X m=x Fyk =7.59 m cv m cv
3.1 _[Column Web in Transverse Tension 445.36 602.45 1.20 534.43] 7.50%| 534.43 450%|  630.18]  6.01%) 1.48E+06 148E+04]  1.48E+04] 50.00%, 10.00) 10.00 50%
4.1] |Column Flangein Bending 375.48 408.32 1.20 450.58 7.50%|  450.58 450%|  531.30]  6.01%) 8.03E+06|  8.03E+03]  8.03E+03 50.00%, 200.00]  200.00 50%
5.1 |End-Platein Bending 305.79 339.36 1.20 366.95| 7.50%| 366.95 450%|  432.69]  6.01%) 2.63E+06 1.05E+04]  1.05E+04] 50.00%, 200.00]  200.00
8.1 [Beam Webin Tension 365.68 483.23 1.20 438.82[ 7.50%| 438.82 450%|  517.44]  6.01%) 1.00E+12 1.00E+10|  1.00E+10] 50.00%, 200.00]  200.00
10.1] [Boltsin Tension 441.00 441.00 1.20 529.20| 7.50%| 529.20 450%|  624.02]  6.01%) 1.63E+06]  3.26E+04]  3.26E+04] 50.00%, 3.00 3.00
1] |Column Web Pandl in Shear -474.77, -642.24 1.20 -569.72| 7.50%| -569.72) 450%| -671.80]  6.01% 1.58E+06 6.46E+05]  7.90E+04] 50.00%, 200.00]  200.00
2] __|Column Web in Transverse Compression -507.06, -634.55, 1.20 -608.47| 7.50%| -608.47| 450%| -717.49]  6.01% 2.13E+06 7.51E+05]  6.40E+04] 50.00%, 12.00] 15.00
[7] __|Beam Flangein Compression -438.00) -555.57| 1.20 -525.60] 7.50%| -525.60) 450%| -619.77]  6.01% 1.00E+12 1.00E+10|  1.00E+10] 50.00%, 10.00) 10.00
[19] |weds
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1.2.2 CaseA —Variability of Kp of the components

1.2.21 A.1)real F' (125.000 Combinations) (Component [3], [4], [5])

Mo Convergence (0% +— Mo Convergence (0% |----F-----d- oot b

Ductiles 63 .36%

Failures 36 64%

e e e e
0 10000 20000 30000 40000 S0000 60000 70000 30000 90000 100000 110000
Evertz

Figure 86 — Calculation summary —Case A.1
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Failure Modes Diagram - Mumb. Events
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Figure 88 — Failure modes counter
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Figure 89 —All failures.
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Simulation Results

4.1 Beam Web in Tension 10.1 Boltsin Tension
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Figure 90 — Failur es by component

Histogram of Rot (failure)
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Figure 91 — Histogram of rotation at failure.

Hiztogram of M (failure)
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Total Points:45800
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Mean:87.87917

Standard deviation:1.67528
P5%:85.12278
P95%:90.63332
Skewness:-2.63449
kurtosis:6.0764

Figure 92 — Histogram of bending moment at failure.
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Histogramsfor failures of component 4.1

Histogram of Rot Failure_1 Total Points:7400
. Points in Range:5.92
EEE Points out-of-Range:94.08
0.05 1 Mean:92.39702
= 004) Standard deviation:5.19165
E:Ez P5%:83.85503
iy P95%:100.93209
v Skewness:-0.36542
- kurtosis:-0.78865
Histogram of M Failure_1 Total Points:7400
EE : : ; [ Pointsin Range:5.92
014 Points out-of-Range:94.08
) . Mean:84.53207
* 008 Standard deviation:2.00208
E:Ei: P596:81.23798
0.02 P95%:87.8235
E Skewness:-0.03924
" kurtosis-0.35741

Histogramsfor failures of component 10.1

Total Points:38400
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Histogram of Rot Failure_4
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Figure 93 — Histograms of rotations and bending moments at failur e by responsible component.
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0.1
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Figure 94 — Histogram for rotation=30 mrad
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1.2.2.2 A.2)real F' (160.000 Combinations) (Component [3], [4], [5], [1])
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Figure 96 —All curves.
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Failure Modes Diagram - Mumb. Events
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Figure 97 — Failure modes counter
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Figure 98 —All failures.
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Figure 99 — Failur es by component

Histogram of Rot (failure)

Total Points:69600
Pointsin Range:43.5

Points out-of-Range:56.5
Mean:82.5042

Standard deviation:10.91013
P5%:64.55341
P95%:100.44045
Skewness:-0.3726
kurtosis:-0.83636

Histogram of M (faillre)

S P e s e
R oo oo b oo e
Vet I E— I LI (I L
e e S

ks ' ' ' '
e s B s e e fpEscE
O3 prommmmeees AT berosenoonas AT b
S S S S (SIS SIS, S SRS SRS SRS e
D pestoostostaes et heeseestostaas e reess

olm. . : : m——

83 a4 85 g6 a7 )

%

Total Points:69600
Pointsin Range:43.5
Points out-of-Range:56.5
Mean:87.95752

Standard deviation:1.5189
P5%:85.45842
P95%:90.4546
Skewness:-2.54552
kurtosis:4.88637

Figure 100 - Histograms of rotations and bending momentsat failure.
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Histogram of Rat Failure_1 Total Points:10000
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Figure 101 — Histograms of rotations and bending moments at failure by responsible component.
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Histogram of M - rot*
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Figure 102 — Histogram for rotation=30 mrad
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1.2.2.3 A.3) nominal F" (8.000 Combinations) (Component [3], [4], [5])
Eventz
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Figure 103 — Calculation summary.
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Figure 104 — All curves.
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Failure Modes Diagram - Mumb. Events
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Figure 105 — Failure modes counter
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Figure 106 — All failures.
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Figure 107 — Failures by component

Histogram of Rot (failure)

Tota Points:1452

kR R AT mmmmmmmmmmee R r------

Pointsin Range: 18.15
Points out-of-Range:81.85
Mean:91.18643

Standard deviation:5.96752
P5%:81.36788
P95%:100.99703
Skewness:-0.49747
kurtosis:-0.67419

Total Points:1452
Pointsin Range: 18.15
Points out-of-Range:81.85
Mean:82.72084

Standard deviation:5.14324
P5%:74.25849
P95%:91.17633
Skewness:0.02077
kurtosis:-1.76606

78




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Figure 108 - Histograms of rotations and bending momentsat failure.
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Figure 109 — Histograms of rotations and bending moments at failure by responsible component.
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Figure 110 — Histogram for rotation=30 mrad
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1.2.2.4 A.3b) nominal F" (125.000 Combinations) (Component [3], [4], [5])
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Figure 111 — Calculation summary.
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Failure Modes Diagram - Mumb. Events
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Figure 113 — Failure modes counter
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Figure 114 — All failures.
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3.1 Column Web in Tension
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Figure 115 — Failures by component

Histogram of Rot (failure)
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Total Points;22713
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Figure 116 - Histograms of rotations and bending momentsat failure.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of M Failure_1
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Figure 117 — Histograms of rotations and bending moments at failure by responsible component.
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Figure 118 — Histogram for rotation=30 mrad
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1.2.2.5 A.3c) nominal F" (8.000 Combinations) (Component [3], [4], [5])
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Figure 119 — Calculation summary.
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Failure Modes Diagram - Mumb. Events
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87




Electronic Appendix

Simulation Results

3.1 Column Web in Tension

4.1 Column Flange in Bending
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Figure 123 — Failures by component

Histogram of Rot (failure)
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Histogram of M (failure)
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Figure 124 - Histograms of rotations and bending momentsat failure.
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Figure 125 — Histograms of rotations and bending moments at failure by responsible component.
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Figure 126 — Histogram for rotation=30 mrad
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1.2.2.6 A.3d) nominal F" (1.000 Combinations) (Component [3], [4], [5])
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Figure 127 — Calculation summary.
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Failure Modes Diagram - Mumb. Events
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Figure 130 — All failures.
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

4.1 Column Flange in Bending
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Figure 131 — Failures by component
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Figure 132 - Histograms of rotations and bending momentsat failure.
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Figure 133 — Histograms of rotations and bending moments at failure by responsible component.
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Histogram of M - rot*
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Figure 134 — Histogram for rotation=30 mrad
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1.2.3 CaseB — Variability of Kp and FY of the componentsin tension
zone
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Figure 135 — Calculation summary.
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Figure 137 — Failure modes counter
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Figure 139 — Failures by component
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Figure 140 — Histogram of rotation at failure.

Histogram of M (faillre)
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Figure 141 — Histogram of moment at failure.
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Histogramsfor failures of component 41
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Figure 142 — Histograms of rotations and bending moments at failure by responsible component.

99




Electronic Appendix
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Px

Histogram of M - rot*
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Mean:78.47191

Standard deviation:5.14574
P5%:70.00545
P95%:86.93151
Skewness:-0.15706
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Figure 143 — Histogram for rotation=30 mrad
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1.2.3.2 B.2) F' binormal + Kp (Component [3], [4], [5])* exclude the less
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Figure 144 — Calculation summary.
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Figure 145 — All curves.

101




Electronic Appendix Simulation Results

Failure Modes Diagram - Mumb. Events
] (R e S
2000 A—{Z0% |- e Rt S
e T e
§1D.1-:~82.1T4%- . . . . . : 1 10.1-=82.174% |
I I T e A A
© s1e0%{{Eim0%] - B T
R T L R S S S
st i8] - S B Tt s ottt
0 50000 100000 150000 200000 250000 300000 350000 400000
Eventz
Figure 146 — Failure modes counter
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Figure 147 — All failures.
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4.1 Column Flange in Bending
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Figure 148 — Failures by component

Histogram of Rot (failure)

Total Points:346147

Pointsin Range:84.51
Points out-of-Range: 15.49
Mean:49.12931

Standard deviation:24.86412
P5%:8.21955
P95%:90.00592

Skewness:0.30962
kurtosis:-0.89533

Figure 149 — Histogram of rotation at failure.
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Figure 150 — Histogram of moment at failure.
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Histogramsfor failures of component 4.1

Histogram of Rot Failure_1

Total Points; 9561

Pointsin Range:2.33

Points out-of-Range:97.67
Mean:79.46213

Standard deviation:12.13973
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P95%:99.41985
Skewness:-0.07749
kurtosis:-1.61083
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Figure 151 — Histograms of rotations and bending moments at failure by responsible component.
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Total Points:327528

Histogram of M - rot*

Pointsin Range: 79.96
Points out-of-Range:20.04
Mean:80.13444

Standard deviation:5.2224
P5%:71.54185
P95%:88.72008
Skewness:-0.25538

kurtosis:-1.10821

Figure 152 — Histogram for rotation=30 mrad
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1.2.4 CaseC —Variability of Kp and F" and Af.
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Figure 153 — Calculation summary.
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Figure 154 — All curves.
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Failure Modes Diagram - Mumb. Events
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Figure 155 — Failure modes counter
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Figure 156 — All failures.
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4.1 Column Flange in Bending
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Figure 157 — Failures by component

Histogram of Rot (failure)

Tota Points. 75600

Pointsin Range:47.25
Points out-of-Range:52.75
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Standard deviation:11.12111
P5%:65.41899
P95%:102.00004

Skewness:-0.59389

kurtosis:-0.42548

Figure 158 — Histogram of rotations at failure

Histogram of M (faillre)

Tota Points. 75600
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Standard deviation:2.21197
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P95%:91.40173
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Figure 159 — Histogram of bending moments at failure.
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Histogramsfor failures of component 4.1

Histogram of Rot Failure_1
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Pointsin Range:6

Points out-of-Range: 94
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Standard deviation:6.33488
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Histogramsfor failures of component 10.1
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Figure 160 — Histograms of rotations and bending moments at failure by responsible component.
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Tota Points:160000

Histogram of M - rot*

Pointsin Range: 100
Points out-of-Range:0
Mean:74.38551

Standard deviation:4.2477
P5%:67.39663
P95%:81.36872
Skewness:-0.39742

kurtosis:-0.94386

Figure 161 — Histogram for rotation=30 mrad
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1.2.4.2 C.2) Kp (Component [3], [4], [5])., FY ([3], [4]), Af (Component [3])
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Figure 162 — Calculation summary.
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Figure 163 — All curves.
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Failure Modes Diagram - Mumb. Events
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Figure 164 — Failure modes counter
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Figure 165 — All failures.
Total Combinations: 1000000
Points:F:851000
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4.1 Column Flange in Bending
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Figure 166 — Failures by component
Total Combinations: 1000000
Points:F_:1 ::14000

Points:Y_:1 ::290000

Points:F_:4 ::837000

Points:Y_:4 ::962000

Histogram of Rot (failure)

Total Points:851000
Pointsin Range:85.1

Points out-of-Range: 14.9
Mean:62.55155

Standard deviation:14.80982
P5%:38.18446
P95%:86.89889
Skewness:0.20047
kurtosis:-0.84948

Figure 167 — Histogram of rotations at failure

Histogram of M (faillre)
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Figure 168 — Histogram of bending momentsat failure.
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Histogramsfor failuresof component 4.1
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Histogramsfor failuresof component 10.1
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Figure 169 — Histograms of rotations and bending momentsat failure by responsible component.

114




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Histogram of M - rot*
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Figure 170 — Histogram of bending moment for rotation=30 mrad
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1.2.4.3 C.3) Kp (Component [3], [4], [5]), Af ([3], [4])
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Figure 171 — Calculation summary.
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Figure 172 — All curves.
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Failure Modes Diagram - Mumb. Events
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Figure 173 — Failure modes counter
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Figure 174 — All failures.
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3.1 Column Web in Tension

4.1 Column Flange in Bending
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Figure 175 — Failures by component

Histogram of Rot (failure)
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Figure 176 - Histograms of rotations and bending momentsat failure.
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Histogramsfor failures of component 3.1
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Histogramsfor failures of component 4.1
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Histogramsfor failures of component 10.1
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Total Points:4348
Pointsin Range:4.35

Histogram of Rot Failure_4
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Figure 177 — Histograms of rotations and bending moments at failure by responsible component.
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Figure 178 — Histogram for rotation=30 mrad
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1.2.4.4 C.3b) Kp (Component [3], [4], [5]), Af ([3], [4])
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Figure 179 — Calculation summary.
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Figure 180 — All curves.
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Electronic Appendix Simulation Results

Failure Modes Disgram - Mumb. Events
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Figure 181 — Failure modes counter
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Figure 182 — All failures.
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4.1 Column Flange in Bending
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Figure 183 — Failures by component

Histogram of Rot (failure)

Total Points;:26900
Points in Range:26.9
Points out-of-Range: 73.1
Mean:75.37866

Standard deviation:14.01201

P5%:52.32423
P95%:98.41441
Skewness:-0.07283
kurtosis:-1.04408

Histogram of M (faillre)

Total Points;:26900
Points in Range:26.9
Points out-of-Range: 73.1
Mean:77.9244

Standard deviation:2.528
P5%:73.765
P95%:82.08043
Skewness:0.79628
kurtosis.0.43274

Figure 184 - Histograms of rotations and bending moments at failure.
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Histogramsfor failures of component 4.1

Tota Points:26900

Histogram of Rot Failure_1

Pointsin Range:26.9

Points out-of-Range: 73.1
Mean:75.37866

Standard deviation:14.01201
P5%:52.32423
P95%:98.41441
Skewness:-0.07283

kurtosis:-1.04408

Histograrm of M Failure_1 Total Points:26900

Pointsin Range:26.9
Points out-of-Range: 73.1
Mean:77.9244

Standard deviation:2.528
P5%:73.765
P95%:82.08043
Skewness:0.79628

kurtosis.0.43274

Figure 185 — Histograms of rotations and bending moments at failure by responsible component.

Histogram of M - rot* Total Points:100000
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Points out-of-Range:0
Mean:66.97244

Standard deviation:3.09674
P5%:61.87727
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Skewness:-0.6434

kurtosis:-0.21043

Figure 186 — Histogram of bending momentsfor rotation=30 mrad
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1.3 Lima FE1 connection modified

*With endplate thickness=13mm (verifying the EC3 requirements for guaranteeing sufficient rotation capacity)



Electronic Appendix

Simulation Results

131

Flush Connection (Luciano Lima modified test)
Critical Component in Tension Zone

Simulation details, statistical properties and studied cases

Probabilistic Characterization of Steel Yield Stress Real (measured) Steel properties
Normal Law Mixed "binormal" Law
Fy Nominal |fyreal fu
Normal Density Function BiNormal Density Function
Yield Strength - S275 313.70] Yield Strength - 5275 0.75 0.25] [ N/mm2] [ N/mm2] |[ N/mm2]
ov 7.50%) 330.0] 389.1 Column
. D 2353 . ov 4.50%) 6.01%] Flange 275 342.9 477.3]
% 02 - P5% 275.00) @503 B sD 14.85 23.38] Web 275 372.0 448.8]
0.015 A j P5% 305.57] 350.67| Beam
0.01 / \ 0.02 Flange 275 340.1 4482
0.005 0.01 — Web 275 363.4 454.3
0 g N Tha 04— — T e e Endplate 275 369.4 503.5]
2 8 3 8 3 8 3 S 2 8 8 8 3 8 8 8 Bolts _ [M2010.9 900.0 1000.0
— N N (2] o < < — N N o o™ < < 0
Fy [kN] ke [kN/m] kp [kN/m] Df
W Binormal distribution )
nomin r orm Istribution 1or =
Components FYk nominal eal Normal distribut calibrated =
a=0.75 a=0.25 real (109.005) ov DfIDY ov
X (P X>X)* X (P X>X)* a =aFyk | cv=75% ov [ ov
[3.1] |Column Web in Transverse Tension 445.36 98.69% 602.45) 4.49%| 1.20[ 534.43 7.50%|  534.43]  4.50%) 630.18| 6.01%|  1.48E+06| 148E+04]  1.48E+04]  50.00% 10.00[  10.00| 50.00%)
[4.1] |Column Flangein Bending 375.48 98.69% 408.32) 89.44%| 1.20|  450.58 7.50%|  450.58]  4.50%) 531.30) 6.01%|  8.03E+06| 8.03E+03|  8.03E+03|  50.00%] 200.00]  200.00 50.00%
[5.1] |End-Platein Bending 278.05 98.69% 306.66) 85.97%| 1.20]  333.66 7.50%|  333.66]  4.50%) 393.44] 6.01%|  9.60E+05] 3.84E+03|  3.84E+03|  50.00%] 200.00]  200.00 50.00%
[8.1] |Beam Webin Tension 365.68 98.69%| 483.23 8.86%| 1.20] 438.82 7.50%|  438.82]  4.50%) 517.44 6.01%|  1.00E+12 100E+10[  1.00E+10[  50.00% 200.00]  200.00 50.00%)
10.1] |Boltsin Tension 441.00 98.69% 441.00 98.69%| 1.20] 529.20) 7.50%|  529.20]  4.50%) 624.02 6.01%|  1.70E+06 3.39E+04|  3.39E+04|  50.00%] 3.00 3.00] 83.33%)
1] | Column Web Panel in Shear -474.77 98.69% -642.24] 4.48%| 1.20[ -569.72 7.50%| -569.72]  4.50%) -671.80 6.01%|  1.37E+06| 1.83E+04]  6.87E+04]  50.00% 200.00]  200.00 50.00%)
2] | Column Web in Transverse Compression -504.50 98.69% -632.95 27.20%|  1.20] -605.40) 7.50%| -605.40]  4.50%) -713.87 6.01%|  2.12E+06| 1.23E+05]  6.35E+04]  50.00% 12.00]  15.00) 50.00%
[7]  |Beam Flange in Compression -438.00 98.69% -555.57 22.35%| 1.20] -525.60) 7.50%| -525.60]  4.50%) -619.77 6.01%|  1.00E+12 100E+10[  1.00E+10[  50.00% 10.00[  10.00] 50.00%
[19] _|welds
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Probabilistic Evaluation of the Rotation Capacity of Steel Joints

CaseB1
Fy [kN] ke [KN/m] kp [kN/m] Df
Components FYk real Normal distribution ?lnorma] dlstrlbutl_on ol calibrated i~ DF/DY
nominal a=0.75 a=0.25 r (109.005) m o = m o
X m=x Fyk  pv=7.59 m oV m oY)
[3.1] |Column Web in Transverse Tension 445.36 602.45 1.20) 534.43] 7.50%] 534.43 450%] 63018  6.01%) 1.48E+06 1.48E+04]  1.48E+04 50.00%) 10.00 10.00)
[4.1] |Column Flangein Bending 375.48 408.32 1.20) 450.58] 7.50%] 45058 450%| 53130  6.01%) 8.03E+06 8.03E+03[  8.03E+03 50.00%) 200.00]  200.00]
[5.1] |End-Platein Bending 278.05) 306.66 1.20) 333.66] 7.50%] 333.66 450%] 39344  6.01%) 9.60E+05 3.84E+03[  3.84E+03 50.00%] 200.00]  200.00]
[8.1] |BeamWebin Tension 365.68 483.23 1.20) 438.82] 7.50%] 438.82) 450%]  517.44  6.01%) 1.00E+12 1.00E+10]  1.00E+10 50.00%) 200.00]  200.00]
[10.1] |Boltsin Tension 441.00 441.00 1.20) 529.20] 7.50%] 529.20) 450%]  624.02[  6.01%) 1.70E+06 3.30E+04]  3.39E+04] 50.00%) 3.00 3.00
[1] | Column Web Panel in Shear -474.77 -642.24) 1.20) -569.72] 7.50%| -569.72 450%] -671.80]  6.01%) 1.37E+06 6.46E+05]  6.87E+04 50.00%) 200.00]  200.00]
[2]  |Column Web in Transverse Compression -504.50) -632.95 1.20) -605.40] 7.50%| -605.40 450%| -713.87]  6.01%) 2.12E+06| 751E+05]  6.35E+04] 50.00%| 12.00 15.00) 40%]
[7]  |Beam Flangein Compression -438.00) -555.57 1.20) -525.60] 7.50%| -525.60 450%]  -619.77]  6.01%) 1.00E+12 1.00E+10]  1.00E+10 50.00%) 10.00 10.00)
[19] |welds
CaseB2
Fy [kN] ke [kN/m] kp [kN/m] Df
Components FYk - Normal distribution ginermal distribution - calibrated  DiDY
nominal r a=0.75 a=0.25 " (109.005) m v = m i
X m=x Fyk  fv=7.59 m oV m cv
3.1] |Column Web in Transverse Tension 445.36) 602.45 1.20, 534.43] 7.50%| 534.43 4.50% 630.18 6.01%) 1.48E+06 1.48E+04 1.48E+04 50.00%) 10.00] 10.00
4.1] | Column Flange in Bending 375.48 408.32 1.20 450.58] 7.50%| 45058 4.50%|  531.30]  6.01%) 8.03E+06 8.03E+03[  8.03E+03 50.00%| 200.00[  200.00]
5.1] |End-Platein Bending 278.05) 306.66 1.20 333.66] 7.50%| 333.66 4.50%| 39344  6.01%) 9.60E+05 3.84E+03]  3.84E+03 50.00%] 200.00]  200.00]
8.1] |Beam Webin Tension 365.68 483.23 1.20 438.82| 7.50%| 438.82 4.50%|  517.44]  6.01%) 1.00E+12 1.00E+10[  1.00E+10 50.00%| 200.00[  200.00
10.1] |Boltsin Tension 441.00 441.00 1.20 529.20] 7.50%| 529.20) 4.50%|  624.02]  6.01%) 1.70E+06 3.30E+04]  3.39E+04] 50.00%| 3.00 3.00
[1] | Column Web Panel in Shear -474.77 -642.24 1.20 -569.72] 7.50%| -569.72 4.50%| -671.80]  6.01%) 1.37E+06 2.28E+05|  6.87E+04 50.00% 200.00]  200.00]
[2] | Column Web in Transverse Compression -504.50) -632.95 1.20) -605.40] 7.50%| -605.40 450%| -713.87]  6.01%) 2.12E+06| 3.32E+05]  6.35E+04] 50.00%| 12.00 15.00) 40%]
[7]  |Beam Flangein Compression -438.00) -555.57 1.20) -525.60] 7.50%| -525.60 450%] -619.77]  6.01%) 1.00E+12 1.00E+10]  1.00E+10 50.00% 10.00 10.00)
[19] |welds
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132 CaseB

1.3.2.1 B.2) F' binormal + Kp (Component [3], [4], [5])* exclude the less
relevant from B.1B2)

No Canvergence 0% +—No Convergence 0% |- -~ 4------4------ oo ) e

Ductiles 197 5%

Failures :2.5% |-

Failures 12 5%
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Figure 187 — Calculation summary.
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Figure 188 — All curves.




Probabilistic Evaluation of the Rotation Capacity of Steel Joints

Failure Modes Diagram - Mumb. Events
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Figure 189 — Failure modes counter
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Figure 190 — All failures.
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n0.zz2

Histogram of Rot (failure)
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Total Points:10240
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Standard deviation:6.26545
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Figure 191 - Histograms of rotations and bending momentsat failure.

Histogram of M - rot*

Total Points:409600
Pointsin Range: 100
Points out-of-Range:0
Mean:68.9839%4

Standard deviation:4.1769
P5%:62.11155
P95%:75.85076
Skewness:0.08897
kurtosis:-0.52567

Figure 192 — Histogram of bending momentsfor rotation=30 mrad
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