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(SClentific Application grop)

- HyperSteel (CAD)
- CIM-Plate (CIM)

- ESA-Prima Win Structural Analysis)
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1. Instruction

SCIA-SClentific Application group-started early
1974 and merged in 1993 with W+B Software
-a former Witteveen + Bos Engineering Con-
sultants daughter company- forming the SCIA
Group with headquarters in Belgium. In 199
the shareholders group was extended with
Campus Technology Investment Cie, a funding
company from LM.S. (Leuven Measurement
Systems) International and GIMV  (Investment
Company of the regio Flanders). SCIA Group is
owned by the holding company SCIA Inter-
national nv, belonging to Campus Technology
Investment Cie and to Software Adventure cv
{management & enplovees & earlier shareholders).

The SCIA Group has offices in Belgium
{Herk-de~Stad), the Netherlands (Oosterbeek),
Germany (Iserlohn), France (Villeneuve d’'Ascq),
Czech Republic (Brmo) and Korea (Seoul) and is
represented by partner companies in various

countries, among which Austria~Czechia-Slowakia

* (F)SCIA KOREA th3E (R&D Project Engineer)

(MB-Integra Wien, Marocco (BEBF.), Algeria
(S.AS.A), Poland (Evatronix) and China (TechSino
Technology).

It is remarkable that SCIA can compete on
different fronts: CAE, CAD steel, CAD concrete,
Fabrication software and also in various regions
in the world. A unique concept of FULL Inte-
gration(CAE-CAD-CIM) is found by SCIA,
without having to pass through standard or non-
standard exchange files and so on like com-
petitors do. The SCIA expertise is broad in
structural 1.T. (Information Technology); design
aspects are considered with due respect to
fabrication technology. It is generally considered
that building process optimisation comes through
a global improvement of all processes, not by
improving just one aspect.

2. Expertise and Products

SCIA is an engineening company with extensive
know-how and expertise in the building industry
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(civil & structural engineering) and in software
writing. The combination of software technology
and engineering has resulted in successful pro-
ducts: ESA suite of structural analysis programs,
Slab—Concrete structural analysis for prefab
concrete slabs, HyperSteel for AutoCAD rl4
and Steelfab CAD applications for steel design
and fabrication drawings, CIM-Steel steel structure
manufacturing software, CIM-Plan  steel structure
manufacturing planning software, CIM-Beam
and CIM-Plate steel manufacturing NC-software,
AutoStruct CAD Reinforced Concrete Structures,
AutoCAD Floor & Preslab (prefab concrete
slabs integrated automation) ...

Innovation is achieved by incorporating modern
database techniques, advanced analysis algorithms,
practical engineering know-how and a user-
friendly modemn interface. SCIA has a major
research project on multimedia engineering soft-
ware and telematics.

The SCIA Group and its partners are pro-
fessionals with high quality standards in product
supply, training & education and in servicing
software.

3. ESA-Prima Win

ESA-Prima Win (Engineering Structural Analysis
on Windows) is a fully integrated application
for the analysis and design of general three-
dimensional building structures in steel, concrete
and other materials (see Fig. 1). The software
package integrates engineering know-how and
analysis functionality in one environment and
adds new software features.

The main concern during the development of
this software is reducing the required time for
calculations, while improving the comfort and
ease—of-use for the user and the quality of the
output. Developed as a 32 bit application for
Windows (NT, 95, 98), the program uses the
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advantages of this operating system to a full
extent.

A part of this environment is dedicated to
steel detailing. The main components for the
steel design and detailing are:

the structural analysis : 2D and 3D frame

analysis, inclusive second order analysis and

non-linear phenomena’s

the member design : appropriate checks from

several codes are implemented (BC3, DIN1SR00,

ONORM B 4300, NEN6770/6771, SIA1l61,

CM66, BS5950, AISC LRFD, AISC ASD,

GBJ 17-88, Korean code, CSN 73 1401, STN

73 1401)

- the connection design (see chapter 3.1)

the integration with CAD modeling applications

using the ISO-STEP technique.

3.1 Expertise in Connection Design

The ESA-Prima Win Connect modules cover
the design of rigid and pinned frame connections
and also welded truss connections. The tech-
nology and calculation methods are based on
EC3“, together with additional material obtained
from research studies™ ¥ * * and designers
practice.

For the input and check of the connection
data, several approaches are considered and
implemented. The first approach is the tradi-
tional manual input: the user introduces the
different parts of the connection and the
program checks the composed joint according to
the proper rules.

The program informs the user about the
critical failure modes. The user can adapt the
design according to this information. See chapter
3.2.

The second approach is that the program
proposes a possible solution, based on previous
calculations and on standard solutions, which
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Fig. 1 The ESA-Prima Win environment and practical design of RC

HARZRDE H10H H321999. 90 81



are stored in a database. The quality of the
proposed solution depends on the quality of
the database contents, the so-called template
hibrary.

The third approach is a wizard: that will
take the hand of the user step by step through
his design process. Each step will contain
limited information to be introduced and will
give a summary and the status of the results.
See chapter 3.2.

3.2 Frame Connections

The design of the connection is done in the
graphical environment of ESA-Prima Win. The
nodes to check are selected graphically with the
mouse pointer. The elements of the connection
(haunches, stiffeners, angles, bolts...) are entered
in dialogue windows. Bolts and anchors are
selected from a bolt library, open to the designer.
All elements are visible on the screen, as
shown in Fig. 2.

All relevant factors and coefficients for the
design checks are proposed by the program
and editable by the user (basic data of
Eurocode 3, limits for bolt positions, limits for
intermediary distances of bolts,' minimum weld
sizes, slip factor and moment factor of preloaded
bolts-+).

Fig. 2 Manual input for frame connection
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The ultimate limit state of the connection is
compared with the actual internal forces in the
connection. The critical load case/combination
and the limiting parts are displayed (Fig. 3).

For rigid connections the rotational stiffness is
analysed. The stiffness diagram (Fig. 4) classifies
the connection (hinged, rigid, semi-rigid). The
actual rotational stiffness of the connection is
compared with the applied rotational stiffness in
the analysis model. On users request, the actual
rotational stiffness is transferred to the analysis
model.

A detailed calculation note is sent to the
printer or to the document. Parts of the output
are illustrated in Fig. 5. Detailed drawings with
dimensioning of all parts of the connection are
generated autornatically (Fig. 6).
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Fig. 4 Moment-rotation diagram
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2. Design moment resistance MRd
2.1. Design resistance of basic components

For individual bolt row:

Bt,Rd=176.40kN
row Ftfc,Rd Ftep,Rd
1 309.65 352.80
2 29945 352.80
3 299.45 352.80
4 2945 352.80
data
Vwp,Rd 41684 kN
Fc,we,Rd 444.04 kN
Fc,fb,Rd 628.56 kN
2.2. Determination of Mj,Rd
TOW h{mm] Ft{kN]
1 609.90 309.65
2 355.90 107.19
3 261.90 0.00
4 46.90 0.00

M;j.Rd=227.00kNm

Mj Rd=227.00kNm (inclusive normal force)

2.3 Determination of Mj,Rd for compressed haunch

at beam

data
M;j,Rd 193.04 kNm
MSd -45.30 kNm

3. Design shear resistance VRd
VRd =335.22kN

4, Stiffness calculation
4.1, Design rotational stiffness

Sj data
Sj 9047858 kNny/rad
Sj,ini 90478.58 kNm/rad
7 523.50 mm
mu 1.00
ki 2.73 mm
k2 10.70 mm
keq 569 mm

4.2. Stiffness classification

Stiffness data
E 210000.00 MPa
Ib 162700001.97 mm”4
Lb 3758.32 mm
frame type braced
Sl 72728.16 kNm/rad
S2 454551 kNm/rad

System RIGID

Fig. 6 Detailed drawing

4. HyperSteel (CAD Steel Products)

(The new CAD for steel develop-
ment, a cooperation with DSC)

- 3D modelling of steel structures in AutoCAD R14
- Uses the latest ARX technology and adds to

AutoCAD the objects grids, profiles, plates,
bolts, welds, operations on profiles and plates,
connections, structural elements and generated
drawings

- The AutoCAD interface is extended for mani-

pulating the new objects

>
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Belt length
Grip length

Grip tength'increa

Select objects:
Central point

BylLayer

Command :

7242938, 1582.9164,0.0000 SNAR

Fig. 7 HyperSteel

- The use of ARX(MFC) dialogue boxes gives
a direct coupling between the changes and
the model (Fig. 7)

Visual Lisp(AutoLisp) for AutoCAD R14 is
opened for handling the object of HyperSteel
The model can be visualised with standard
AutoCAD commands HIDE, SHADE, RENDER
(Fig. 8)

Blocks can be inserted into the model as
special elements and come into the list of
materials and the generated drawings

- It is a PC product for Windows NT 4.0

- Short leaming time (2 days for a technician
knowing AutoCAD)

The DWG is used as the logical database,
very efficient and condensed storage of models

- Rules language for user developments (connec-
tions, details) in access

- Editing facilities with AutoCAD properties of
all new objects, the rule-based objects are

84 mMuFzEE H12H H3Z 1000 ¢

automatically updated if one of the components
1s modified

- Automatic generation of all drawings (overview,

groundplan, box-view, assembly and mono
drawings) (Fig. 9)

Management of generated drawings. If the
mode! changes, the affected drawings are

R i SRR O

Fig. 8 Rendering in HyperSteel
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Fig. 9 Mono drawing

indicated and can be actualised automatically

- Automatic generation of bill of material (assem-
blies, profiles, plates, bolts, ...)

- Automatic generation of NC machine code at
a high fabrication level (positioning of parts
on machines, 1D & 2D cutting optimisation)

- Uses the geometry and profile data of ESA-
Prima Win for auto-drawing

»  CIM Plate (97-123) (PART1)

fle ‘Edk”Yiow, Libuaies . Tookon Databsse tosie  Hels

< Mot sokmbun Seizen
Prowct] 97-123

Bulkding pad: | PART1

5. CIM-Steel & CIM-Plate & CIM-Plan
(Computer Integrated Manufacturing
for STEEL. structures and Numerical
Control and planning of the produc-
tion in the workshop)

+ Advanced fabrication software with the major

aspect INTEGRATION

- between CAD model and production ope-
rations

- between various machines of different ma-
nufacturers

- between design office and shop floor (auto-
matic feedback) including distance operations
(through modem)

Database material management with bill of

material, operation lists, building phase lists,

transportation and shipment lists, purchase of

raw material, stock management, delivery

control, ...

- 1D and 2D optimisation routines for minimal
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Fig. 11 CIM-Plan

loss of steel material during cutting of sections

NESTING PLAN . . .
PROJECT: 332 FAGE 1 OF 2 and plate sheets: true nesting software with
RAWMATL |- 2 m o W x @ L advanced functionality.(Fig. 10)
WATL Swamg QY USHTS  WT 10805 Ky

- Modern user interface (CIM-Plate and CIM-
Plan are native Windows products, CIM-Steel

is being rewritten in Windows environment)

with link to MS- EXCEL and other spread-
sheets (Fig. 11)

Broad range of products: from BOM over

production control, time management, NC

postprocessing, ...
- Extensive practical experience (over 200 machines
VARK, CESCRPTON | EA | KG | REFEZ | REWARKS installed)
t { BCRBKTFOZ N K 430 60 1277 CRBKT

- Customer specific developments (e.g. production

planning, cost calculation, ...)

- Nesting Plan, Piece Drawing, and Bill of Mate-

2l

rial report (Fig. 12).

Fig. 12 Nesting plan report
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6. System Requirement

- ESA-Prima Win 3.10, CIM-Plate :
- Pentium 100Mhz
- Windows 93/NT4.0
-~ RAM 32MB
- HyperSteel 4.1 :
- Pentium 166Mhz
- Windows NT4.0
- AutoCAD R14
- RAM 64MB

References

1. Eurocode 3, Design of steel structures, Part 1

- 1 ! General rules and rules for buildings,
ENV 1993-1-1:1992, 1992

2. Eurocode 3 : Part 1.1, Revised annex J :
Joints in building frames, ENV 1993-1-1/pr A2

SCIA(A ehA} A:70

. Frame design including joint behavior, Volume

1, ECSC Contracts n° 7210-SA/212 and
7210-SA/320, January 1997

. Wardenier J., Kurobane Y., Packer J.A., Dutta

D., Yeomans N, Design Guide For circular
hollow section (CHS) joints under predomi-
nantly static loading, CIDECT, Verlag TUV
Rheinland, Koln 1991 [A)

TBAL ¢ (F)Alokz e o}
BEA - AH SR, 7leAY)
F A2 ATEYN MET NETF 1628-25
XMEdd 65
A 8h: 3471-0740
2

R : 3471-0741
o)A : www.scia.be

gﬁ»
E-mail : twkim@scia.cokr [ —"

HAPZBE W12 M3S1000. 90 87



