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Interface Module Developement of Structural Design for

Brace Connections on based BIM

Kim, Tae Hyeong” Shin, Tae Songz)*

V' Graduate Student, Dept. of Architectural Engineering, Tongmyong University, Busan, 608-711, Korea
2 Professor, Dept. of Architectural Engineering, Tongmyong University, Busan, 608-711, Korea

ABSTRACT : This study is aimed at developing the structural design interface module for the brace connections in order to
improve the efficiency of the interoperability between structural design and BIM modeling at the construction design phase of
steel structures. For this purpose, structural design module is first established according to the algorithm built by structural
design standards of domestic and foreign. Then, it is developed interface module which can export the data of 3D model
obtained from the BIM design tools to structural design module and feed structural design results back to 3D BIM model.
Finally, the efficiency and practicality of the developed interface module is verified by applying to a sample model
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Table 1. Software DLL files

Type of DLL Content

Creation of object, consist of Class and
Mathod to control obiects, Namespace of
Tekla.structures.moldel, Tekla.structures.

Model.UI, include class of Beam, Countour,
BoltArray, Load, Component

Tekla.Structur
es.Model.dll

Consist of Class using to Modeling and

Tekla.Structur drawing to TEKLA, Namespace of

es.dll Tekla.Structures. Geometry 3D
Mathcad.IMathcadWorksheet,
Mathcad.Auto| Mathcad.IMathcadWorksheets Class include
mation Mathod that create(Open()) Worksheet,
APL.dll save(Close()), print(Print()),

import(SetValue()), and export(GetValue())
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APIE Y3AE(Worksheet)dollA] ZHe =} ALt
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Table 2. Design check list of brace connections

Connection Type Check Point

Interface of between
gusset plate and
brace

Shear Strength of Bolt, Bearing of
Bolt, Block Shear, Tensile Yield

Interface of between
gusset plate and
girder

Tensile Yield, Shear Yield, Block
Shear, Local Yielding

include Class of itextsharp.Document,
itextsharp.Font, itextsharp.Image,
itextsharp.Element and itextsharp.Chapter

itextsharp.dll

Interface of between
gusset plate and
culumn

Tensile Yield, Shear Yield, Block
Shear, Local Yielding
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Fig. 3 Structural design flow chart
o QEAPANE AALHE FspIe dae B

FEZ EgslaL St} ATolAe o] & uiEle g Rz
ZOE TE3IY. ol E gal T £5F491 MathCAD

9 w Zolopq Aesid AU TEaUe RAME AR
AZ3I9T. RAMOIME B

dolErt B, 1% B & A%E FUn AFS)
AellA AAIgE Case 1EFY

s, Ol
mm E

!
=,

=
HFFI

AE 39t AAZAL Table 33 Z3 B
&t A¥l= Table 4-73 2t}
21702] A= tisiA vHluds w gHEc] A ¥

=,

Table 3. Member conditions

Column H steel 4OOX42010 X13X SS400
Section
Conditon| Beam H steel 800X310 50 X10X SS400
Brace L steel T0X70X6X8.5 | SS400
Gusset |  Thickness LH LV
Plate Smm 200mm 320mm
Connec bolt row=2, bolt column =1
“tion Bolt Traverse edge distance = 40mm,
Longitudinal edge distance = 70mm
Bolt Type=10T, Diameter of Bolt=M16
Weld | D = 6.35mm, Weld Size of Connection

200 s=z7=xss =27 M5HE 25(5

Table 4. Comparison of design strength for interface
between gusset plate and brace

T MathCAD | Ram Connection .
ype (kN) (kN) Comparison
Shear Strength 120.60 120.60 100
Bearing Strength | 138.24 138.24 100
Block Shear 142.74 130.88 110
Yielding gross area| 171.89 171.89 100
Rupture effective 152,82 150.34 101
net area
Tension yielding 136.76 136.76 100

Table 5. Comparison of Interface forces

Type | MathCAD(kN) |Ram Connection(kN) | Comparison
Hy 20.02 20.02 100
H, 36.65 36.65 100
v 27.41 27.41 100
V. 29.15 29.15 100
M, 0 0 100
M, 101510 % 0 100

Table 6. Comparison of design strength for interface
between gusset plate and beam

Type Ma(t}g\%AD Ram ?ﬁﬁ;emon Comparison
Tension yielding | 336.62 336.62 100
Shear yielding 222.62 224.41 100
Welding strength | 210.12 503.38 42
Block shear 1656.00 1656.39 100
Local web Yielding| 661.41 661.4 100

Table 7. Comparison of design strength for interface
between gusset plate and column

Type Ma(ilNC)AD Ram ((jﬁﬁ;ecuon Comparison
Tension yielding | 536.97 539.66 100
Shear yielding 359.78 359.77 100
Welding strength | 345.50 807.01 43
Block shear 3107.00 3106.67 100
Local web Yielding| 1631.00 1631.21 100

123%) 20134 4¥

¥ MathAD : KBC-09 Standard, Ram Connection : AISC
standard
% Mothod of Comparison value Calculation :
Math Cad
(G Conmection < 100%
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714, F,: nominal strength of base metal, MPa

: 2
A, : effective net area, mm

F,=0.6" F,

EF, HO7IF(AISC2005)0] W $HY A4 AEe
2 A

(2)9} 2ol gl gelel wet dA g
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o714, F,: nominal strength of electrode
A,
F,=0.6 » Fyyy(1.040.5sin0"")
A,=t, 1

Fpvx: Electrode classification number,

. effective net area, mm?

ksi (in study, apply 70 ksi)
0: brace with the vertical angle
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Fig. 4 Geometry information of H and 7 sections

Table 8. Beam class data

Class Data Description Data Type
. . material of .
Material String member string
Fig 4.(a)-@,
HEIGHT (b)7® double
Fig 4.(a)-©@,
WIDTH (b)-@ double
WEB THICKNESS Fig 4.(a)-Q double
Beam "oy ANGE THICKNESS | Fig 4.()-® | double
ROUNDING RADIUS 1| T8 (ﬁ')%'@ double
CROSS SECTION AREA| €0ss section of | 40 )
member
FLANGE THICKNESS 1| Fig 4.(b)-® double
FLANGE THICKNESS 2| Fig 4.(b)-@ double

Table 9. Parameter analysis of connections

Parameter name o
Component description
Tekla Type
adist4 double Plate Width
col double Plate Depth
Plate -
tpl2 double Plate Thickness
mat2 string Plate Material
diameter Int Bolt Diameter
screwdin | string Bolt Type
nb Int The number of Bolt Column
Bolt nw Int The number of Bolt Row
lbd string Pitch
rbl double | Longitudinal edge distance
Iwd string Gage
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Table 10. Definition of MathCAD parameters

Interface |Part| Name Descrition ?;gg
Hc Fig 4.(a)-@ double

W Be Fig 4.(a)-@ double

(; C tew Fig 4.(a)-Q double

k (1) tef Fig 4.(a)-@ double

}S; u rc Fig 4.(a)-® double

€ III: Acg  |cross section of member| double

Et) co_mat material of member string
c_section type of member string

Table 11. Data convert format

Part, | MathCAD Tekla Pteriace] mota
He HEIGHT H double
Be WIDTH B double
C tew WEB_THICKNESS TW | double
(1) tef FLANGE_THICKNESS TF double
u rC ROUNDING_RADIUS 1 R double
I: Acg |CROSS_SECTION_AREA| A double
co_mat MaterialString Material | string
c_section ProfileString COL | string

Structures.Model. DLLS| &2 & FA, A<
] HEE |98 AdE FeAE dPdoeR HolE +
S BN 1, BeamZ#|~ Datat Table 83 Zt}
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H WS gl
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Mathcad. Application me = new Mathcad. Application();
Mathcad. Worksheets wk;

Mathcad. Worksheet ws = new Mathcad Worksheet();

//export to Column Property of Mathcad

ws.SetValue("He”, BC.Column.H);

ws.SetValue("Be”, BC.Column.B);

ws.SetValue("tcw”, BC.Column. TW);

ws.SetValue("tef”, BC.Column. TF);

ws.Recalculate();

ws.Close(Mathcad MCSaveOption.mcDiscardChanges);
System.Runtime InteropServices. Marshal ReleaseComObject(wk);
System.Runtime InteropServices. Marshal ReleaseComOhject(ws);
System Runtime.InteropServices.Marshal ReleaseComObject(mc);

Fig. 8 Coding to create of MathCAD sheet
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Fig. 9 Performance flow of process 2

PdfPCell G,

Document document = new Document(PageSize.A4);
PdfWriter writer = PdfWriter.GetInstance(document, new
FileStream("Brace_Conection_data.pdf”, FileMode.Create));
document.Open();

Paragraph Title = new Paragraph("Brace Connection Design ”,
title);

PdfPTable tablel = new PdfPTable(3);

C = new PdfPCell();

CBorder = iTextSharp.text.Rectangle NO_BORDER;
tablel.AddCell(C);

document. Add(Title);
PDF2.LoadFile("Brace_Conection_data.pdf”);

Fig. 10 Coding to execute the analysis function of
interface module
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Fig. 15 Stored information in interface module
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Brace Connection Calculation

= ]

=

A. Condition of Brace Connection Design
R |

1.1 Available Loads

Vg = VN 00N By=PukN= 20048 it = Pl deg = . TES

Hy, o= Fr k= 1HEN M, o= hhwkN-m = 0kNm

1.2 INPUT DATA

1. column

coumn,

e tioq ™ C_bection = H40074007 13721

by, = B A0 = 8, = Bommn = 400 mm

By ™ 1w mm = 13.mm
.-‘._:g .-n'l

1oy o= bef-mm = 11 mm

)
w20 e 1l_-|rum-:‘.‘:|n

Matemial, o o = 0o _mat = "55400"
1.3 Gusset Plate-Brace2| 2AH00 CHEF & 42

Ay ™

ke = tyg =1, = 43mm

‘Withmaone Section2 gusset plate-brace yielding, bucking= 8 HE S0 OIE 21
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