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Application of Abaqus in UNTAR’s Civil Engg Dept

* Abaqus has been procured at the End of 2022 through Worley
Indonesia

e Current version: Abaqus 2023 (1 perpetual license)
* Application for research area:

v" Finite element model of cold-formed steel member behaviour:
column, beam, shear, web crippling, and others

v' Considered at ambient and elevated temperatures
v' Future plan: direct analysis method, connection, earthquake engg
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Cf’ld'fﬂnn‘?d stainless steel structural capacity deteriorates in fire as the temperature of the structures rises. Investigation of cold-formed

Direct strength method stainless steel (CFSS) structures at elevated temperatures is still limited, especially for rectangular hollow sec-

Elevated temperatures tion (RHS) beams having a single web hole in the mid-span (perforated web). Therefore, a numerical investi-
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Fig. 1. Test setup of perforated RHS beam
(Chenetal., 2022)

<? H

BCI v 4 X
Displacement X=Y=Z=0
Rotation Y=Z=0

T h e P rO b I e m Fig. 2. Finite element model of perforated

RHS beam (Prabowo et al., 2023)
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Fig. 3. Dimension of specimens

Specimen L H B t r, r; D (%)
(mm) (mm) (mm) (mm) {mom) (mm)

60 =40« 4-D0 1301.0 60.07 40.24 3.87 F.63 4,44 0.00

60 = 40 4- 1290.0 60.08 40.44 3.96 F.63 4,44 20,30
D20

60 40 = 3- 1300.5 59.88 40.21 3.90 7.63 4.44 20.78
D50

60 40« 4- 1301.0 60.05 40.17 3.79 7.63 4.44 a0.12
DE0

80 60:x4-D0 1301.5 80.35 60.31 3.74 8.38 4.94 0.00

80«60« 4- 1299.0 80.51 60.15 3.79 8.38 4.94 19.54
D20

80«60« 4- 1299.6 80.32 60.13 3.77 8.38 4.94 4958
D50

80«60 :=4- 1299.0 80.33 60.33 3.93 8.38 4,94 49.19
D50~

80«60 :x4- 1298.5 80.36 60.14 3.82 5.38 4,94 78.88
DE0
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Material Nonlinearity
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Boundary conditions

Load
Displacement X=0
Rotation Y=2Z=0

e BCs were set based on DOF
activation

BC2
Displacement X=Y=0
Rotation Y=Z=0

Flat & Comer Portion
Shell element S4R

e Replicating BCs from the
experiment setup is an
important setting (modelled -
through loading setup) P e

BCI | z X
Displacement X=Y=Z=0
Rotation Y=Z=0

* FEA using Displacement
control method - target

displacements were keyed Fig. 2. Finite element model of perforated
RHS beam (Prabowo et al., 2023)
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# Edit Boundary Condition

Name: BC-1

Type:  Displacement/Rotation
Step:  Initial

Region: Set-5 [

CSYS: (Global) [3 L
Mu

u2

[Ju3

[J UR1

UR2

UR3

Note: The displacement value will be

maintained in subsequent steps.

0K Cancel

Il out the Edit Boundary Condition dialog
g

Boundary
Conditions

Name Step-1 Step-2

Propagated Propagated
Target Modified  Modified

Displacement Modified  Modified
= Propagated Propagated

Move Right

Boundary condition type: Displacement/Rotation
Boundary condition status: Created in this step

Create... Copy... Rename... Delete... Dismiss



Finite Element Meshes Flatporion s

Solid emelement C3D6
Load
A Displacement X=0
Z Rotation Y=2=0 Jisis?
* Cold-formed steel member = 503
; Displacement X=Y=0
shell element Rotation Y=Z-0
Corner Portion SissssssssEsEsssad

* Element type: S4R, S8R, S8R5 Shell emelement S8R

* Loading block = solid o
e I eme nt : BCl1 Meshig around the hole
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Displacement X=Y=Z=0
Rotation Y=Z=0

* Interaction between elements
should be modelled carefully
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# Edit Constraint

Name: Constraint-1
Type: Coupling
f§ Control points: m_Set-1 [
f Surface: s_Surf-1 [
Coupling type: (@ Kinematic
(O Continuum distributing

(O Structural distributing

Constrained degrees of freedom:

Mu1 Mu2 Mu3 M URT V] UR2 [] UR3

Influence radius: (@) To outermost point on the region
O Specify:

[_] Adjust control points to lie on surface

CSYS (Global) [ L

Interaction
Module

@l Constraint-1
¢ Constraint-2
¢/ Constraint-3
¢/ Constraint-4

Create...

Edit...

Type

Coupling
Coupling
Coupling
Coupling

Copy... Rename...
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Delete... Dismiss
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FEM Validations — Comparison of ultimate

St re n gt h S Specimen (dxbxf) D/h (%) (kﬂﬁz) (ﬂfgﬁ) MrolMrss  Kposr(10%)  KFEA(107)  Ked icres

60=40x4 0 7.59 7.41 1.02 4.92 5.13 0.96
20 7.54 7.40 1.02 4.89 5.12 0.95

50 7.12 6.76 1.05 2.11 3.00 0.70

80 0.23 6.21 1.00 1.52 1.67 0.91

80=60=4 0 14.49 13.90 1.04 3.23 3.10 1.04
20 1443 13.73 1.05 3.18 3.10 1.03

50 13.67 13.38 1.02 1.32 1.58 0.83

50(r)  13.88  13.38 1.04 1.41 1.58 0.89

80 12.28 11.95 1.03 0.96 1.12 0.85

100=40x2 0 8.32 7.83 1.06 1.22 2.35 0.52
20 8.2 7.88 1.04 1.28 1.82 0.71

50 7.40 7.22 1.02 0.82 0.94 0.87

50 (r) 7.57 7.22 1.05 0.84 0.94 0.89

80 6.15 583 1.05 0.66 0.66 1.00

120803 0 21.63 20.16 1.07 0.81 1.21 0.67
20 21.83 20.14 1.08 0.80 1.21 0.66

50 20.26 19.05 1.06 0.54 1.13 0.48

80 1 16.04 1.11 0.47 0.47 0.98
Mean 1.05 0.83
COov 0.019 0.204
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FEM Validations — Comparison of Moment vs

Curvature Curves

Moment, I (kKMNm)
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FEM Validations — Failure modes

From the three comparisons, it was concluded that the FE model
developed in Abaqus could predict the test results well
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Parametric study conducted reported in the journal

Parameter variations in the parametric study.

Parameters

Austenitic & Lean duplex

Sections (d x b x t)

Web slenderness (h/t)

Inner radius to thickness
ratio (r;/t)

Hole diameter to web depth
ratio (D/h)

Elevated temperatures (°C)

60x40x4, 120x80x 3, 300x120x4.5, 3802862,
380x152x1.5, 380x380x4, 380x570x4,
380x570x2

10.8 — 246.7

0.9 -2.3

0, 20%, 50%, 70%, 90%

22, 320, 550, 660, 870 (Austenitic)
24, 300, 500, 700, 900 (Lean duplex)

Universitas Tarumanagara  UNTAR untuk INDONESIA



Flexural strength values (kNm) obtained from FEA.

. Cross-section TG Ausrenitic (EN 1.4301) T{"Ch Lean duplex (EN 1.4162)
Pa ra metrlc d (mm}) b (mm) t (mm) D D20 D50 D7a Daa Do D20 D50 D70 Do
60.07 40.24 387 2 7.1 6.9 62 58 54 24 10.3 101 Q4 L] 41
320 5.0 56 50 4.6 4.3 300 4.3 8.5 7.8 74 6.7
E&0 2.4 52 4.6 42 3.9 B00 7.7 7.5 6.7 6.2 BT
G660 42 41 a7 35 3z 700 31 31 29 27 25
u y &ro 0.9 0og (1] 0 0.3 900 0.3 0.8 0.8 07 07
120.02 20.3 289 3 18.5 15.4 17.6 155 13.1 24 30.3 30.3 20.0 26.5 212
320 13.3 13.3 129 11.4 9.3 300 X34 234 230 21.2 149
550 11.4 11.4 11.0 a7 7.9 500 180 15.0 17.7 16.1 11.3
60 10.5 10.5 101 2.0 7.3 700 90 ol 5o 7.0 6.3
370 32 32 30 27 23 900 25 25 24 22 1.3
300 120 2 x2 322 31.4 9.9 202 24.1 24 40.7 47.3 45.4 43.0 36.2
320 26.4 26.0 245 234 19.4 300 379 36.5 354 335 m3
B&0 228 226 21.4 201 17.1 B00 xna o1 270 25.5 215
G660 19.3 19.1 13.2 171 145 700 16.3 16.0 15.4 144 123
aro 10.0 9.5 8.1 7.0 6.2 900 5.4 54 50 4.0 4.0
380 236 2 3 471 46.4 445 432 36.4 24 734 63.5 674 65.4 541
320 401 37.3 36.0 336 2 300 570 534 523 503 422
550 344 321 31.0 284 25.1 500 438 40.5 395 304 323
G660 28.0 278 26.0 250 21.7 700 253 237 23.0 21.7 187
570 13.1 12.1 115 107 10.7 900 a1 75 732 6.5 BT
380 152 15 x2 26.8 26.7 26.6 239 20.3 24 40.1 39.4 375 36.0 357
320 21.8 21.1 20.4 187 15.9 300 31.3 30.6 20.0 280 246
B&0 18.8 15.3 15.2 161 137 B00 37 233 2232 21.4 1.7
660 15.8 15.4 145 13.9 11.8 700 13.4 133 127 120 10.3
370 7.2 6.3 6.8 6.0 57 900 4.4 42 42 38 3z
300 300 4 x 169.6 167.5 157.5 144.4 128.2 24 2205 2095 749 219.2 1927
320 135.6 131.5 1232 1127 111.9 300 2261 226.1 2156 1975 178.2
550 1220 115.0 104.6 a7l 51.6 500 1742 1745 1428 1343 1142
G660 115.3 106.0 104 4 853 73.2 700 110.3 109.3 1048 6.6 4.0
&ro 43.1 41.7 30.3 357 35.6 900 338 33.7 325 30.8 »n7
380 570 4 2 196.5 1951 169.5 1535 136.9 24 2338 2325 2537 2300 2090
320 161.3 160.3 133.2 1238 107.0 300 x20.8 221.2 197.0 1341 164.4
550 139.2 138.4 115.2 106.7 91.9 500 171.0 169.9 150.7 141.3 1252
iili] 113.9 1074 100.2 o1g 79.3 700 101.1 100.4 G5.3 7.7 65.9
370 209 0.4 43.0 309 337 900 325 322 270 247 21.4
300 570 2 x c4.4 B4.4 E3.0 516 47.9 24 78.0 7Ta 774 75.6 59.3
320 446 446 438 427 387 300 608 61.4 604 N 544
E&0 30.5 30.4 37.6 6.9 333 E00 47.0 47.3 45.6 45.6 422
G660 331 33.0 327 3143 288 700 748 250 7T 269 244
&ro 149 14.5 146 140 12.3 00 39 o0 8.7 i} 77
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Some of key findings
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Fig. 14. Comparison of nominal tlexural strengths obtained from FEA and

Fig. 13. Comparison of nominal flexural strengths obtained from FEA and miodified DSM Squations [22]) at varions temperatires.

ASCE [12] at various temperatures.
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Results from Reliability Analyses

Table 5 Table 6
Comparison between FEA results with nominal strengths predicted from design Comparison between FEA results with nominal strengths predicted from design
rules for cold-formed stainless steel RHS beams without a web hole (sections rules for cold-formed stainless steel RHS beams with a web hole (sections with D
with D = 0). > 0).
Megs/ Mggs/ Mggs/ Mgga/ Mg/ Mg/ Mggs/ Mggs/ Mg/ Miga/
MASCE MD.S‘M# MA.S/NZS MECB MEC3£' MASCE MDSM# MH.SKNZS MECS ME‘C.?#
Austenitic (EN 1§4301) Austenitic (EN 1#4301)
Number of data 40 40 40 40 40 Number of data 160 160 160 160 160
Mean (P,,) 1.24 1.11 1.16 1.26 1.41 Mean (P,,) 1.12 0.99 1.17 1.22 1.34
COV (Vp) 0.249 0.146 0.283 0.129 0.202 COV (Vp) 0.252 0.150 0.207 0.152 0.189
Resistance 0.90 0.90 0.9 0.91 1.00 Resistance 0.90 0.90 0.90 0.91 1.00
factor (¢h) factor ()
Reliability index 273 3.03 2.22 3.39 2.99 Reliability index 2.46 2.61 2.69 3.18 2.93
(Fa) (28]
% ratio < 1 15% 30% 23% 0% 8% % ratio < 1 42% 59% 18% 3% 9%
Smallest ratio 0.93 0.90 0.81 1.00 0.89 Smallest ratio 0.73 0.70 0.85 0.94 0.88
Kruppa criteria Passed Failed Failed Passed Passed Kruppa criteria Failed Failed Passed Passed Passed
Lean duplex (ENJ1.4162) Lean duplex (ENJ1.4162)
Number of data 40 40 40 40 40 Number of data 160 160 160 160 160
Mean (P,,) 1.23 1.14 1.17 1.32 1.43 Mean (P,,) 1.13 1.03 1.19 1.26 1.36
COV (V) 0.178 0.115 0.199 0.086 0.210 COV (V) 0.195 0.136 0.154 0.120 0.213
Resistance 0.90 0.90 0.9 0.91 1.00 Resistance 0.90 0.90 0.90 0.91 1.00
factor (¢) factor (¢
Reliability index 2.87 297 2.39 3.53 2.68 Reliability index 2.50 2.48 272 3.16 2.52
(Bo) 5]
% ratio < 1 2.5% 17.5% 20% 0% 8% % ratio < 1 31% 49% 13% 3% 8%
Smallest ratio 0.98 0.95 0.87 1.14 0.93 Smallest ratio 0.76 0.74 0.89 0.98 0.87
Kruppa criteria Passed Passed Failed Passed Passed Kruppa criteria Failed Failed Passed Passed Passed
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