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Abstract IDM is a methodology for capturing and specifying processes and information flow during the life-cycle
of a facility. The methodology can be used to document existing or new processes, and describe the associated
information that need to be exchanged between parties. In this paper, the information model for BIM-based structural
steel member design was defined using IDM methodology. The structural information offered in IFC was analyzed,
and its adequacy was verified by applying the case study using Excel. As a result, IFC2x3 offers the most structural
design information for BIM-based structural steel member design, and some sectional properties omitted in IFC2x3
were offered in IFC4. IDM methodology can be used effectively for developing BIM-based structural design systems.
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Extract Geometric Calculate Ultimate (B bl Extract Section Data
Data Load Data
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Steel Member Design
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Calculate Lateral
Torsional Buckling Calculate Local

ity Buckling Strength

Calculate Nominal
Bending Strength

u

Calculate Nominal
Shear Strength

( P
Calculate Nominal
Compressive Check
Strength

Output

ER_LTB_ ER_LB_St1
trength ength

[Fig. 11 PM of steel member design

[Table 2] ERs for common structural information

Exchange Requirements for <name>
Element
Property concept

‘ Property name
ER_H_Section_Data
H-Section

ojyf FIHAe] dHdAE

[SIR=%
DA

FHYuE Ao 24

[Table 3] ER for steel member design
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Nominal size

Exchange Requirements for <name>

[ Name, d, b, tw, & 1

Element

Section property

Property concept

[ A, 1y, Iy Ly, Sx, Sy, Zs, Zy, Cu, J

[ Property name

ER_Element_Member_Force_Data

Member Force

Element No., Member group name, Load combination,
i-node, center-node, j-node, P, Vy, V,, T, My, M,

ER_Unit
Unit

‘ ‘ Length unit, Force unit
ER_Span_and_Height
Span

[ T Xew, X, Yer, Vi
Height

‘ ‘ Zl}pical
ER_Load_Data
Load

‘ ‘ DL, LL, Factored Load, Service Load
ER_Steel_Material_Data
Steel Material

| [E, F R
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ER_LTB_Strength

Lateral Torsional Buckling Strength

Slenderness Ratio

[ Ly, Ly, 1, E, Fy, Jo, Sx ho, Le

Nominal moment

M,

ER_LB_Strength

Lateral Buckling Strength

Flange

[ AN A A M

Web

[ MM A M,

Nominal Moment
M,

ER_Nominal_Bending_Strength

Nominal Bending Strength

M,

ER_Nominal_Shear_Strength

Slenderness Ratio

[ [ htEEwV,

ER_Nominal_Compressive_Strength

Elastic Buckling Strength

[ ' T AMNKLr,F

Nominal Compressive Strength

[ [ T @ Pa

ER_Check

Bending Moment

[T ¢ M., M, PP

Shear

[T ¢ VaVu
Deflection
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[Table 4] FPs for common structural information

FP_Name
(ER_Name)

IFC2x3 Derived Entity/Pset

IFC4 Newly Defined Pset

IfcIShapeProfileDef
ProfileName

.OverallWidth
.OverallDepth WebThickness
FlangeThickness FilletRadius
IfcGeneralProfileProperties
.CrossSectionArea
IfcStructuralProfileProperties
MomentOfInertiaY
FP_Reference MomentOfInertiaZ

(ER_H_Section MaximumSectionModulusY
_Data) MaximumSectionModulusZ
WarpingConstant
TorsionalConstantX
IfcStructuralSteelProfileProperties
ShearAreaZ .PlasticShapeFactorY
ShearAreaY .PlasticShapeFactorZ
Pset_ProfileMechanical
.PlasticShapeFactorY
.PlasticShapeFactorZ
IfcStructuralLoadGroup
PredefinedType ActionType
ActionSource .Coefficient
(Abstract)IfcStructuralLoadStatic
IfcStructuralLoadSingleForce
ForceX .MomentX
ForceY MomentY
ForceZ .MomentZ
IfcStructuralResultGroup

Name .Description
TheoryType IsLinear
ResultForLoadGroup —  IfcStructural
LoadGroup

IfcDerivedUnit

FP_Member_
Forces_and_Load
(ER_Element_
Member_Force_
Data,
ER_Load_Data)

FP_Basic_Data

(ER_Unit, Elements

ER_Span_and_ Pset_MemberCommon

Height) Span IsExternal

IfcMechanicalMaterialProperties
YoungModulus .ShearModulus
PoissonRatio

IfcMechanicalSteelMaterialProperties
YieldStress {UltimateStress
ProportionalStress

UnitType

FP_Material
(ER_Steel_
Material_Data)
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H-section 1
Mominal size H-100x50%5x%7 H-
d 1000
b 50.0
tw 50
1 70
r 8.0
Section property
A 1185E+03
Ty 1120E+01
Ik 1.800E+06
Iy 1.480E+05
Sx 3750E+04
Sy 5.410E+03
Zy 4 410E+04
Zy 9.520E+03
Cw 3.200E+08
] 1.500E+04
Rebar 1
Mominal size D10
r 50
A 713

[Fig. 2] FP_Reference coded in

Load Dead Load D1 0.0032
D2 0.0007
D 0.0032
Live Load L 0004office
Factored Load 12D+13W+05L 0.00668
Service Load D+L 00079
Elem Load part Asial
(kN) (kN)
12D+13(WX+WY)+05L i-node 00
1 12D+13(WX+WY)+0.5L center 00
12D+13(WX+WY)+05L j-node 00

1.2D+1 3WX+WY)+0.5L i-node 00
2 12D+13(WX+WY)+05L center 00
1.2D+1 3WX+WY)+0.5L j-node 00
1.2D+1 3(WX+WY)+0.5L i-node 00
3 12D+ 13(WX+WY)+05L center 00
1.2D+13(WX+WY)+0.5L j-node 00

[Fig. 3] FP_Member Forces coded in excel

unit Length
Force
Steel Elastic modulus

Girder, Beam (55400)

Column (SM490)
Span and Height X Direction
¥ Direction

Z Direction (Story Height)

Concrete Composite Slab
Composite Column
Rebar Elasstic Modulus

Yield Strength
High-Tension Bolt Diameter

Strength
To

2 3
125x60x6x8 H-200x200x8x12
1250 2000
60.0 2000
6.0 80
80 120
20 13.0
1.684E+03 6.353E+03
1320E+01 5.020E+01
4 130E+05 4720E+07
2.420E+05 1.600E+07
6.610E+04 4720E+05
9.730E+03 1.600E+05
7760E+04 5.260E+05
1570E+04 2.440E+05
9.990E+08 1410E+11
2.830E+04 2.600E+05
2 3
D13 D16

6.5 80

1267 1986

excel sheet

Shear-y Shear-z Torsion Moment-y Moment-z

kN)  (kNem)  (kNem)  (kNem)
00 81 00 1338 00
00 106 00 995 00
00 1043 00 2292 00
00 901 00  -1660 00

00 36 00 988 00
00 973 00 -1985 00
00 831 00 1338 0.0
00 106 00 995 0.0

00 1043 00 -2292 00
sheet
mm
N
E. 205000
F, 235
B 400
F, 325
Fy 490
Exterior 9000
Interior 9000
Exterior 9000
Interior 9000
Typical 3500
E. 27000
ek 24
E. 29500
T 34
E; 205000
Fyr 400
M16 16 18
M20 20 22
M22 22 24
M24 24 27
F10T
M16 106
M20 165
M22 200
M24 237

[Fig. 4] FP_Basic Data & FP_Material coded in excel

sheet
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Steel girder SG1 SG2 (interior) SG3 (exterior)
Length
Span L 9000.0 9000.0 9000.0
Spacing B 4500.0 3000.0 1500.0
Unbraced length s 9000.0 9000.0 9000.0
Load
Moment Muz 2292 216.5 1346
My 0.0 0.0 0.0
Shear Vu 1043 109.6 61.0
Section 42 11 24
MNominal size H-600x200x11x17 H-300x150x6.5%x9 H-400x400x13x21
d 600.0 3000 400.0
b 200.0 1500 400.0
tw 110 6.3 13.0
tr 17.0 90 210
r 220 130 220
Sectional properties
A 1.344E+04 4.678E+03 2.187E+04
ry 4.120E+01 3.290E+01 1.010E+02
Ix 7.760E+08 7.210E+07 6.660E+08
Iy 2. 280E+07 5.080E+06 2.240E+08
Sx 2.590E+06 4.810E+05 3.330E+06
Sy 2.280E+05 6.770E+04 1.120E+06
Zx 2.980E+06 5.420E+05 3.670E+06
Zy 3.610E+05 1.050E+05 1.700E+06
Cuw 1940E+12 1.080E+11 8.040E+12
J 9.060E+05 9.870E+04 2.730E+06
Material
55400 55400 55400
Fy 235.0 2350 235.0
Fu 400.0 400.0 400.0

[Fig. 5] Basic data for steel
coded in excel sheet

girder structural design

1 LTB strength
Slenderness ratio

Lo 9000.0 9000.0 9000.0
Lo 21417 17102 52502
s 50.7 392 1129
E/OT7FRy 12462 12462 12462
Je/She 0.00060 0.00071 0.00216
L- 64821 51419 197222
Nominal moment
Elastic LTB Elastic LTE  Inelastic LTB
Ma(kN-m) 2614 365 7809
2. LB strength
Flange
A 588 833 952
e 1122 1122 1122
A 2954 2954 29.54
Plastic moment Plastic moment Plastic moment
Ma(kN-m) 7003 1274 8625
Web
A 47.45 39.38 24.15
Ao 11105 111.05 111.05
A 168.35 168.35 168.35
Plastic moment Plastic moment Plastic moment
Ma(kN-m) 7003 1274 862.5
Nominal moment
My(kN-m) 7003 1274 8625
3. Nominal bending strength
Nominal moment
Ma(kN-m) 2614 365 7809
4. Nominal shear strength
Slenderness ratio
h/tw 475 394 242
2 24*sqri(E/Fyn) 66.2 66.2 66.2
ValkN) 9306 2750 7332



5. Check
Bending moment
DM, 2353 329 7028
My 2292 216.5 1346
0K NG OK
Shear
DVn 9306 2750 7332
Vu 1043 1096 610
QK. O.K O.K
Deflection
&n 17.35 27.40 148
&u 30.00 3000 3000
0K 0K QK

[Fig. 6] Steel girder structural design processes and
data coded in excel sheet

4.3 HZI|S9 tHHAA 7 ¥E

Fig. 72 2759 dddAE 93l 875+ 25
ARES Fig. 8 AF7)59 dHAA Z2 A8} of
HA A 27H = ARES Ve 9k

Steel column 5C1 5C2
Length
Height [ 3500.0 3500.0
Spacing Ly 00 00
Unbraced length [ 3500.0 3500.0
Load
Strong axis moment M 2019 190.1
Weak axis moment My 2781 4727
Axial force Py 1583 304.0
Section 26 26
Nominal size H-414x405x18x28 H-414x405x18x28
d 4140 4140
b 405.0 405.0
tw 180 18.0
t 28.0 28.0
r 220 220
Sectional properties
A 2054E+04 20954E+04
Iy 1.020E+02 1.020E+02
I 0.280E+08 9.280E+08
Iy 3.100E+08 3.100E+08
Sx 4 480E+06 4 4A80E+06
Sy 1.530E+06 1.530E+06
Zy 5.030E+06 5.030E+06
Zy 2.330E+06 2.330E+06
Cw 1.150E+13 1.150E+13
J 6.620E+06 6.620E+06
Material
S5400 SS400
Fy 235.0 235.0
Fu 400.0 400.0

[Fig. 7] Basic data for steel column structural design
coded in excel sheet

1. Mominal compressive strength
Elastic buckling strength

NKL/ry)
Fe
Mominal compressive strength
Fer
DcPr(kM)
2. Lateral buckling strength
Slenderness ratio
Ly
Lo
Its
E/0.7Fy
JfS:ho

Nominal moment

L

Mn(kMN-m)

3. Local buckling strength
Flange

A
Ao
A

Ma(kN-m)

Web

A
Ao
A

Mn(kN-m)

MNominal moment

Mn(kN-m)

4. Nominal bending strength
Nominal bending moment

Mre{kN-mj)

5. Check
Bending moment

Pu/®cPn

May(kN-m)
Interaction

3431 3431
1718.37 171837

Short column  Short column

3003 3003
79828 79828
35000 35000
45087 45087

1154 1154

9011 9011

0.00383 0.00383
188359 188359

Plastic moment Plastic moment

16348 1634.8

723 723

9.54 9.54

2512 2512

Plastic moment Plastic moment
16348 16348

1744 1744

9443 9443

14316 14316

Plastic moment Plastic moment
16348 16343

16348 16343

16348 16348

0.02 0.04

7573 7573

0.56 0.84

QK QK

[Fig. 8] Steel column structural design processes and
data coded in excel sheet
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