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Abstract

Last years many construction companies consider use of BIM technologies in the planning
processes. Nowadays the market provides novel BIM-based tools which are able to further
increase the efficiency in the precast design. Time-consuming and error-prone steps are to be
replaced using advanced parametric modelling tools. The aim of this study is to investigate
the performance of two software modules and to demonstrate and evaluate the particular per-
formance on the basis of prototypical usage scenarios on a BIM model. These are software
modules "SmartParts" and "iParts" of Nemetschek Precast AG.

Keywords: BIM, Precast design, parametric modeling.
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List of abbreviations and symbols

Symbol/Abbreviation Description

BIM Building Information Modeling

BIM Model Building Information Model

AEC Architecture, Engineering and Construction
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Introduction

1 INTRODUCTION

Aim of work

Aim of this study is to investigate the performance of two software modules and to demon-
strate and evaluate the particular performance on the basis of prototypical usage scenarios on
a BIM model. These are software modules "SmartParts" and "iParts" of Nemetschek Precast
AG. The emphasis is on the rapid and effective implementation of parametric model and de-
tailed plans of precast concrete elements.

Scope of work

First of all, the performance of modules SmartParts and iParts is to be analyzed. Secondly, the
usage scenario for basic design modules is to be formulated. Thirdly, typical precast plans are
to be selected and corresponding parametric 3D model is to be implemented using Allplan's
basic design modules. Based on that, the automatable design capabilities of analyzed modules
are to be identified and validated. In particular, partial automation of design of transport an-
chors is to be implemented. In addition, the techniques for locating of insufficiently parame-
terized elements are to be described. Furthermore, usage scenarios for analyzed modules are
to be formulated and corresponding parametric 3D model is to be implemented. Based on
that, the performace of analyzed modules is to be evaluated and recommendations for their
use in practice are to be formulated.
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2 STATE OF ART

2.1 What is BIM

The term Building Information Modeling is described as method of optimized design, imple-
mentation and management of buildings with the help of software. All relevant building data
is digitally recorded, combined and networked. Building Information Modeling is used both
in the construction industry for building design and construction as well as Facility Manage-
ment.

The term Building Information Modeling is defined by Autodesk as three-dimensional, ob-
ject-oriented, AEC-specific computer-aided design process.

"From scientific point of view Building Information Model — digital image of an existing or
designed building while Building Information Modeling — process of its creation.

Also, Building Information Modeling can also mean the use of the digital model throughout
the entire life cycle of building. In other words, one BIM model can be used beginning from
stages of conceptual and detailed design and finishing with demolition of building or begin-
ning the new cycle with renovation (Figure 1).
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Figure 1. Life cycle of building
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2.2 Motivation
“Comparing to convenient planning process the BIM has significant advantages:

‘ & (PN PP *‘ - no repetitive data entry,
Rl * s Nl | - better coordination between departments
TH fhans - less mistakes,
NITA T S - g - cost savings
b «é,) )
A N VAN S 2T
W e
| faibarsccy ke 2= 4

Figure 2. Problems in coordination be-
tween the parties involved in the building
of structures

All stages of life cycle are implemented by various departments. The data exchange between
them is still frequently manual which is costly and error-prone. Hence, the expenses due to
changes in a project increase along its stages.

Expenses due to changes
n planning process

Costs

Conceptional Preliminary Detailed design Execution
design design

Planning process
Figure 3. Costs of building at different project stages.

Application of BIM leads to less expense due to changes in project — for complex projects up
to 30%. On the other hand, BIM requires more effort at stage of preliminary design while in
convenient planning the effort reaches its peak closer to the end of design process. ’[1]

BIM-based
planning process

/

Effort in planning proces:

Conceptional | Preliminary Detailed design Execution

design design Planning process

Figure 4. BIM: influence on efficiency in planning process
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2.3

Design process

»otructural engineer

Tool: static program,

Defines static system and loads,
Makes calculation / dimensioning / proof,
Resulting with reinforcement and / or cross sections dimensioning.

Design engineer

Tool: CAD program

Generates reinforcement and general arrangement drawings,
Based on requirements / work results of structural engineer. "[2]
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Figure 5. BIM optimal workflow using software Allplan
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2.4 BIM-Model types
“Following the cycle, a model can be represented in different ways.

- Architectural model
o contains all objects (non-bearing walls, windows, doors, shading)
- Engineering model
o view of design engineer
o contains bearing elements (non-bearing elements are hidden)
- Static model
o view of structural engineer
o 3-D objects are degenerated to lines (bar elements) and surfaces (formwork el-
ements) "[2]

‘ Architectural Model Structural Model Analytical Mode
ol " )

Architectural CAD
Achilect, Dealtnen

Structural CAD
Otractural Dvaftwnen
Structural Analysis 3 Structural Analysis
Scturnl Frgpoes SHUCREnl Engenee

Figure 7. BIM-Model types

“BIM-Model includes not only 3-D geometry but also additional information — features —
such as types of building elements, material properties and relations between building ele-
ments.”[1]

2.5 Parametric modeling

“Feature-based parametric CAD is currently the industry standard technology to create geo-
metric models and assemblies, and is widely used across many engineering fields. In a para-
metric model, the geometry is mainly controlled by non-geometric features called parameters
[4], which can be defined by dimensional, geometric, or algebraic constraints. "[5]

A distinction is made between a parametric building model and an intelligent building model.
In parametric building model, all elements can be mutually brought into dependencies (walls,
ceilings, dimensions, annotations, objects, cutting lines, etc.), while the intelligent building
model is limited to individual objects.

Parametric modeling is obvious and intuitive. But for the first three decades of CAD this was
not the case. Modification meant re-draw, or add a new cut or protrusion on top of old ones.
Parametric modeling is powerful, but requires more skill in model creation. Skillfully created
parametric models are easier to maintain and modify. Parametric modeling also lends itself to
data re-use.
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2.6 Concepts of top-down and bottom-up modeling

“Parametric solid modeling can be structured to support top-down or bottom-up modeling. In
this context, the following definitions are used:

— Bottom-up modeling starts with explicit representation of distinct parts, with parametric
relations defining the details and components of those parts, followed by successive associa-
tion of the parts to form aggregated assemblies.

— Top-down modeling is the explicit definition of a total product, and then refinement of the
product design by iteratively replacing objects that represent whole assemblies with succes-
sively finer grained parts until the level of detail required for production is achieved” [6]

- o . ST, o
Lay Out Building Detail Building Detail Piece-marks
Assembly Assembly
Define the building’s overall ’ Refine the geometry of the » Detail the individual
geomeiry, and lay out its individual pieces and of the pieces for production,
primary column, fagade and connections between them.

floor assemblies.

Figure 8 The process of precast design.

2.7 Software overview

BIM-based design is offered by all major CAD vendors. The strategies, reactions and termi-
nology vary from manufacturer to manufacturer.

Nemetschek Group is one of the biggest vendors of software for architects, engineers and the
construction industry. The CAD system Allplan is one the main Nemetschek subsidiaries.
Allplan supports 2D design, 3D modeling to object-oriented building model with quantity
takeoff and cost determination.

“Allplan Precast supports a variety of additional modules, i.e. Structural Precast Elements.
These modules are integrated program packages for entering process planning data of precast
concrete elements, such as slabs, wall panels, columns, girders etc. The concept facilitates a
seamless flow of data - from the initial floor plan to automatic slab, roof and wall element
design to plan generation to quantity takeoff operations to invoicing.

2.8 Design modules

Software Allplan Precast has a modular structure. In other words, it features individual pro-
gram modules, each of which contains the necessary tools for a specific discipline. The mod-
ules themselves are arranged in families, such as

Basic family,
Bonus Tools family, including

o 3D Modeling:
o SmartParts

Architecture, including
o Basic: Walls, Openings, Components

Engineering, including
o Bar Reinforcement


https://en.wikipedia.org/wiki/Computer_software
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#29959.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#30456.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#6546.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#30458.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#7116.htm
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o Concrete Construction
- Views and details, including

o Associative Views
- Precast Elements, including

o Precast Slab

o Precast Wall

o Structural Precast Elements

o Catalogs and Configurations” [7].
- Others

Tools classification
Mentioned earlier tools are to be divided into three main groups

- Basic tools,
- SmartParts,
- iParts.

Tool Concrete Construction uses the same principle as SmartParts and, hence, also considered
as part of module.

Table 1. Tools classification

Tools group 1 Tools group 2 Tools group 3
“Basic tools” or “Basics” Module “SmartParts” Module “iParts”
- SmartParts - Structural Precast Ele-

- Associative Views

- Bar Reinforcement

- Basic: Walls, Open-
ings, Components

- 3D Modeling:

- Concrete Construction ments

Tools
Tools group 1: Basic tools

o “Associative Views
= Module contains tools for creating self-updating views and sections for
3D general arrangement drawings and 3D reinforcement drawings
drawn using the 3D model. The reinforcement is created directly in the
3D floor plan and the corresponding associative views or in the 2D
general arrangement drawing.
o Bar Reinforcement
= Module contains tools for placing bar reinforcement
e FF Components tool uses component groups to create bending
shapes and their placements in a single step.
o Basic: Walls, Openings, Components
= Module contains tools for creating three-dimensional building drawings
o 3D Modeling:
= Module contains tools for creating three-dimensional drawings



http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#76792.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#44872.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#9548.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#7668.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/1033/Allplan/index.htm%238210.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/1033/Allplan/index.htm%238211.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/1033/Allplan/index.htm%2354362.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/1033/Allplan/index.htm%238561.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#76792.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#9548.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#7116.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#6546.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#6546.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#29959.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#76792.htm
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http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#7116.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#6546.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#29959.htm
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e Concrete construction - 3D object tool provides a convenient
way of creating predefined engineering components (e.g. pre-
cast columns). The components can be selected in a catalog and
customized using dialog boxes and shortcut menus.

Tools group 2: Module SmartParts

o SmartParts
* Module contains tools for creating parametric 3D components which
can be modified and updated later.
e Element plan — tool
o Concrete Construction
= Module contains tools for creating parameterized reinforcement com-
ponents. Element plans can be derived from these components.

Tools group 3: Module iParts

o Structural Precast Elements
= Module contains tools for creating parameterized precast columns,
foundations, beams, girders, stairs, walls, slabs and other elements.”[7]


http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#6279.htm
http://help.allplan.com/PLANBAR/2016-1/1033/Allplan/index.htm#76792.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/1033/Allplan/index.htm%2354362.htm
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3 COMPARISON OF SOFTWARE MODULES

3.1 Concept of SmartParts

,Module SmartParts represents the concepts of convenient bottom-up (part-by-part) paramet-
ric modeling. It is designed as addition to 3D Modeling module. Script language enables users
to create parametric components and content which makes it possible to develop and ex-
change their own parametric objects. A SmartPart is a parametric CAD object. Parametric
information is controlled by a script, which is attached directly to the object. SmartParts can
be edited using handles (graphic modification) or a dialog box (alphanumeric modification) or
SmartPart editor tool.

Column

Width 2
Depth 0.4000
Height | 0.9481

Figure 10. SmartPart alphanumeric modification

Parameter list and scripts are defined using SmartPart editor tool. Parameter list stores
independent parameters. SmartParts scripts can be divided into groups depending on
command types. Groups are Parameter script, Dialog script, 2D script and 3D script.
Parameter script allows to operate with parameters, i.e. to set limitations on parameter input,
as well as to create the new ones which depend on existing parameters. Dialog script is used
to set dialog box user options. 2D and 3D scripts are used to create parametric geometry and
to set graphic modification options for user.
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SmartPart Editor
3 & E rl‘EI Mame | Column
Parameter
'=|':',=' = G Group
F Mame Dime... | Type
i] bar_ont Integer
1 bar_nt_x Integer
2 bar_ont_y Integer
3 bar_d Length
4 bar_d_x Length
5 bardy Length
[ bar_res Integer
7 bar_shw_all Boolean
8 bar_shw_d Boolean
9 bar_shw_cn Boolean
10 bdy_shw Boolean
11  col_add_bar_down Boolean
12 col_add_bar_up Boolean
13 col_bdy Calor

- Groups

Description

number of bars

number of additiona...
number of additiona...

bar diameter

diameter of addition. ..
diameter of addition. ..

bar subdivision
Show reinforcement

show longitudinal b. ..
show corbel reinfor...

show object

additional open stirr...
additional open stirr...

color for object

SmartParts in precast design

Value

4
3
3
0.020
0.014
0.014
8

1
1
1
0
0
3

Type | Column

Master Script | | Parameter Script | | Dialog Script | | 2D Script | | 30 Script | | Resources

Show all attributes

Attribute

none
none
none
none
none
none
none

e

none
none

+

none
none +
none

+

none
none +

Figure 11. SmartPart editor
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Preview of object

&

Script commands allow creating reinforcement. Using dependencies between geometry of
reinforcement and element geometry it is possible to create reinforced precast elements.

Using Element plan tool the reinforcement plans can be automatically generated in accord-
ance with predefined patterns of plan — layouts. Module SmartParts doesn’t offer user modifi-
cation options for layouts.

Figure 12. SmartPart Precast column with reinforcement plan
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3.1.2 Element format transformation

Any SmartPart element can be transformed into convenient Allplan 3-D object including its
reinforcement. Format transformations of SmartParts-reinforcement in 3D format is possible.

On the other hand, 3-D object can be included into a SmartPart as resources using 3-D script
option. External objects are not based on SmartPart script. Included into the SmartPart objects
can’t be modified, either graphically or alphanumerically. The only way to edit 3-D object
inside of SmartPart is to replace it with another — correctly defined 3-D object.

3.1.3 Data reuse options

Module SmartParts offers to user the opportunities to create own databases or to use databases
of other users. File format is .smt. Parameter set also can be saved (file format .smv).

3.14  Workflow
Process of modelling of a SmartPart is described using flowchart (Figures 13, 14).

3.1.5 Supported parameter types

- Boolean, integer, decimal

- String

- Length, angle

- Color, pen, line, layer, surface, pattern, hatching, area style, drawing type

3.1.6  Script commands
Modeling of SmartPart elements is based on script commands which use parameters. Number
of parameters is not limited. Nevertheless, the number of commands is limited:
- Non geometrical commands
o Parameter commands (define dependent parameters in parameter script)
o Dialog commands, Reinforcement commands

(define user options for the alphanumeric modification of parameters set)
o Palette commands

- Handles (define user options for the graphic modification of an element)

- 2D shapes

- 3D shapes

- Transformations (define the location for the modeled by script elements)

- Attributes

- Reinforcement functions (define reinforcement parameters: bar diameter, concrete

strength, steel grade, bar length, hook length, hook angle)
- Expressions and functions

- Control Commands
- Environment
- Global Variables

11
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file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/0000/SmartPartsScriptReference/index.htm%2378260.htm
file:///C:/Program%20Files/Nemetschek/AllplanPrecast_1/Hlp/0000/SmartPartsScriptReference/index.htm%2373652.htm
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3.1.7 Example of SmartParts parameter set
Available by default SmartPart element Sleeve foundation is selected as example demonstrat-
ing complete SmartParts parameter set.
- General
o Standard
= Concrete grade, Steel grade
o Reinforcement
= Layer options, Visualization
o Foundation
» Foundation type (rough, smooth), concrete cover for foundation and for
sleeve
o Object settings
= Visualization, Layer options, Color settings etc.
- Geometry
o Foundation geometry in its entirety, lllustration
o Sleeve geometry in its entirety, Geometry of sleeve wall, Illustration
- Longitudinal reinforcement
o in Xdirection, in Y direction, Illustration
= Bar diameter, offset, hook length
- X-sleeve wall
o in X direction — Vertical stirrup, in Y direction — Horizontal stirrup, Illustration
= Bar diameter, bar spacing in center and from edge, hook length / over-
lap length, bending pin diameter
- Y-sleeve wall
o in X direction — Vertical stirrup, in Y direction — Horizontal stirrup, Illustration
= Bar diameter, number of bars in corner, bar spacing in and from center
and from edge, hook length / overlap length, bending pin diameter

12



Comparison of software modules

Bonus tools -
SmartParts -
Insert SmartPart

Select file in SMT format

Parameter input

Graphics of 2D plans

or other el

can be used as data input

Parameter input
through dialog box

Yes

Parameter input
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in accordance with 2D plan
/ other element

F set
finished?

Yes

l

Place element

Figure 13. SmartParts: parameter set
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Parameter input
through dialog box

Required or similar to i
parameter set is available
in database

Yes

l

Load favorite (set)

N

No—>}

Enter required parameters

Figure 14. Parameter input through dialog box

Figure 15. iParts: parameter set

Precast Elements -
Structural Precast Elements - Column
Structural Precast Element
Foundation
Beam
Parameter input
Salsat elsent type S Wirough dlaiog bax
Stair
Wall
Place element
Slab
Custom

14



Comparison of software modules

3.2 Concept of iParts

Aim of modules family Precast elements is to automatize design of precast elements and to
simplify the data transfer to further stages such as production, logistics and invoicing. De-
pending on element type different modules are to be chosen — Precast slab, Precast wall or
Structural precast elements. Module Structural precast elements is also known as Structural
precast units or iParts. Module iParts is oriented on design of foundations, beams, girder and
stairs as well as slab, wall or other 3-D objects. Module iParts represents the concepts of top-
down parametric modeling (stepwise detailing of model).

Elements of already existing architectural or 3D object model can be transformed into iParts.
Also modeling can be performed by entering the geometry parameters. Following the princi-
ples of parametric modeling a model updates automatically to reflect changes made to the
design.

Using the Join Structural Precast Elements tool the connections of types column-beam, col-
umn-girder and column-foundation can be performed based on parameter input.

iParts can be edited only using dialog box (alphanumeric modification).

Module iParts offers reinforcement options only for modeling of stairs. Otherwise it can be
done either with SmartParts or with other tools.

Using Element plan tool the reinforcement plans can be automatically generated in accord-
ance with predefined plan patterns — layouts. Module iParts offers a variety of modification
options for layouts.

3.2.1 Element format transformation

Any iPart element can be transformed into convenient Allplan 3-D object as well as any 3-D
object can be transformed into iPart. Options for further geometry modifications of such
based-on-3D iParts are not provided. In this case iPart should be transformed back into 3-D
object, edited and again transformed into iPart.

Any architectural object can be transformed into iPart without the removal of original object.

3.2.2  Data reuse options

Module iParts offers to user the opportunities to create own databases (catalogs) or to use da-
tabases of other users. Following data can be stored, imported/exported and further used:

- Parameter set

Details of elements (consoles)
- Connections
- Element plan layouts

3.2.3  Workflow
Process of modelling of a iPart is described using flowchart (Figures 14, 15).
3.2.4  Supported parameter types

- General (Input option, Cross-section/ Shape)

- Dimensions (element-type-based)

- Attributes tab (Select factory, Label, Classification - Concrete grade, Exposure class
,Fire resistance classification, Additional attributes)

- Dimensions tab (Local coordinate system, Alignment, Production dimensions, Load-
ing dimensions)

- Invoicing tab”[7]
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3.25  Example of iParts parameter set
iPart element type Foundation is selected as example demonstrating complete iParts parame-
ter set.
- Geometry
o General
= Input option (parameters, 3-D object)
= Shape (Rectangle, Hexagon)
o Dimensions
= Widths, thickness, socket (without, attached, cut out), piles settings
o Socket position
= |If not centered — reference point, eccentricities
o Socket geometry
= Widths, enlarge at top, wall thicknesses, wall height, depth, profiling

- Attributes
o Factory
o Label
= Label, mark number, additional text, component name, text anchor
point

o Classification
= Concrete grade, Exposure class, Fire resistance classification

o Element states and actions
- Dimensions

o Alignment

o Loading dimension

o Production dimensions
- Invoicing

o Invoice item

o Invoice for customer

o Invoice for factory

16
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3.3

Conceptual differences

Advantages and disadvantages in comparison between modules SmartParts and iParts are

marked green and red.

Table 2. Conceptual differences

Comparison criteria

SmartParts

iParts

Initial purpose

Addition to 3D Modeling module

Precast design automa-
tion

Parameters input options

-Dialog box
-Graphic
-Script

-Dialog box
-Based on other objects

Transformation options

-SmartPart - 3D

-3D < iPart

Variety of available element
types

-Default catalog has a few elements
-Catalog can be refilled by user

-8 types of elements
available

Data reuse options

-Same format for data storage,
-Online catalogs available

-Format depends on
data type

Options for reinforcement
design

-Provided
-Possible by basic tools

-Only with other tools -
basic tools, SmartParts

Automatic plan generation | -Provided, with poor parameter set | -Provided

3.4 Comparison by performance parameters

Table 3. Comparison by performance parameters

Comparison criteria SmartParts iParts

Parameters for modeling of -Defined by modeler / pro- -Defined by software
element grammer -Limited by list of available

-Limited only by available
types (length, string, integer)

parameters

Parameters for connection
design

-Available, considered as part
of single element modeling

-Available, parametric rela-
tions between elements sup-
ported

-Limited by available con-
nection types

Parameters for design of rein-
forcement, 3D build-in parts

-Available

-Not available

Element plan parameters

Limited by available plan
layouts

Numerous layout settings
are to be set by user

Conclussion

In terms of detailed design of elements module SmartParts has more opportunities than iParts
and other tools. All options provided by iParts and other tools can be programmed with
SmartParts. Nevertheless, the default catalog of SmartParts is poor.

On the other hand, module iParts supports automatic plan generation and parametric relations
between modeled elements.
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4 SELECTION AND IMPLEMENTATION OF TYPICAL PRECAST PLANS
USING BASIC DESIGN MODULES

4.1Selection of typical precast plans
Typical precast plans are chosen based on requirements:

- Precast plan is used to demonstrate the tools and features of modules SmartParts and
iParts

- Precast plan should reflect the particular actual problems in precast design based on
information from the cooperating concrete factory

Pattern drawings for precast concrete products provided by organization German Precast
Concrete Construction (orig. Deutscher Betonfertigteilbau e.V.) are chosen as the basis for
model. The pattern drawings are based on Eurocode 2 [8]. Drawings are provided in Appen-
dix 1.

Drawings contain elements plans of precast column, slab and girder as well as arrangement
plan. Arrangement plan differs from the element plans.

Table 4. Provided parameters for modeling of elements

Provided parameters Value acc. Value acc.
arrangement plan element plans

Model

Axes dimensions [m] 6x6 -

Height of building [m] 10,5 -

Element types column, girder, beam Column, girder, slab

Elements

Column S001 bxh [m] 0.5x0.5 0.4x0.4

Column S002 bxh [m] 0.5x0.5 -

Column S003 bxh [m] 0.5x0.5 -

Column S004 bxh [m] 0.5x0.5 -

Column S005 bxh [m] 0.5x0.5 -

Column S006 bxh [m] 0.6x0.6 -

Beam B001-01 bxhxL [m] 0.19x0.50x5.85 0.6x1.7

Beam B002-01 bxhxL [m] 0.20x0.51x5.85 -

Beam B002-02 bxhxL [m] 0.20x0.51x5.83 -

Beam B002-03 bxhxL [m] 0.20x0.51x5.75 -

Beam B003 bxhxL [m] 0.5x0.825x5.83 -

Beam B004 bxhxL [m] 0.5x0.825x5.905 -

Girder UZ001 bxhxL [m] 0.3x1.5x17.775 -

Girder UZ002 bxhxL [m] 0.3x1.5x17.36 -

18



Pattern drawings for precast concrete products. Musterzeichnungen fiir Betonfertigteile

Selection and implementation of typical precast plans using basic design modules
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4.2 Parametric assumptions for precast plans

Since all parameter sets for building elements can’t be clearly defined from precast plans
some of them are assumed. Final parameter assumptions are based on both general and ele-
ment plans.

Table 5. Assumed parameters for modeling of elements

Assumed parameters Value

Model

Axes dimensions [m] 6x6

Height of building [m] 10,5

Element types column, girder, beam
Elements

Column S001 bxh [m] 0.4x0.4

Column S002 bxh [m] 0.4x0.4

Column S003 bxh [m] 0.4x0.4

Column S004 bxh [m] 0.4x0.4

Column S005 bxh [m] 0.4x0.4

Column S006 bxh [m] 0.6x0.6

Beam B001-01 bxhxL [m] 0.16x0.5x5.85
Beam B002-01 bxhxL [m] 0.16x0.5x5.85
Beam B002-02 bxhxL [m] 0.16x0.5x5.85
Beam B002-03 bxhxL [m] 0.16x0.5x5.75
Beam B003 bxhxL [m] 0.4x0.825x5.83
Beam B004 bxhxL [m] 0.4x0.825x5.905
Girder UZ001 bxhxL [m] 0.3x1.5x17.775
Girder UZ002 bxhxL [m] 0.3x1.5x17.36
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4.3Representation of workflow in usage scenarios
Usage scenarios are represented further in the following manner

Operation 1

Operation 2

Figure 18. Representation form for usage scenarios

Tools applied:
Sub-operations

Operation

Figure 18. Operation description: Representation form

The usage scenario which is based only on application of basic tools is defined as scenario 1.

Many elements, especially in big projects, have similar geometry. The geometry data which is
the same for many objects is defined as basic geometry and the elements with the same basic
geometry are to be defined as basic elements. On the other hand, the geometry data which is
different from element to element is to be defined as advanced geometry.

22



Selection and implementation of typical precast plans using basic design modules

4.4Usage scenario 1: basic design modules

1. Choice of basic

elements shape
3D Architectural
catalog objects
2. Formulation of
basic geometry
3D Architectural
catalog J objects
) W

3. Out-of-catalog elements:
geometry improvement

Summation / subtrac-
tion of 3D objects

4. Basic elements
placement

Copy and paste

Copy along the axes

\

5. Advanced geometry:
connection design

Summation / subtrac-
tion of 3D objects

6. Element plans
generation

- I«

D 000

1.500

Ely
MDD]:[ (9410 wsuu DDDD 2100

0. DDD 0.000

D2DD

Figure 19. Scenario 1. Part 1: implementation of model with basic tools 23
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\_JJ H‘"“‘- — T N O
7. Advanced geometry: === =

build-in parts

Summation / subtrac-

ARRITE tion of 3D objects

8. Reinforcement

@ ™,
FF components HEEERERRRERRRRRERNENE|

Bar / mesh
reinforcement ]

Remodifications

Figure 20. Scenario 1. Part 2: implementation of model with basic tools
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4.5Automatable operations in usage scenario 1.

Usage scenario 1 contains operations which can be partially or completely automatized using
modules SmartParts and iParts. Those operations are further described in more detail.

Formulation of basic
geometry

Element plan
generation

Reinforcement

Non-catalog elements:
geometry improvement

Advanced geometry:
connection design

Advanced geometry:
build-in parts

Concrete construction - 3D object
- Choice of element type and shape
- Choice or input of geometry data
- Element placement

- Views and sections generation

- Reinforcement report generation

- Title block set

- Placement of generated views, sec-
tions and reports

FF components
- Choice of reinforcement shape
- Choice or input of geometry data
- Placement to element
Bar Reinforcement tool
- Selection of bar shape
- Stirrups placement
- Label

3D modeling tools

- Create / import and place the typical
elements (i.e. corbels, connections,
build-in parts)

- Modifications in accordance with cur-
rent project data

- Summation, subtraction of 3D bodies

Figure 21. Scenario 1: automatable operations
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5 IDENTIFICATION AND VALIDATION OF AUTOMATABLE DESIGN

CAPABILITIES

5.1Capabilities of iParts

5.1.1

Generation of element plans

One database with more advanced settings (layout pattern) allows avoiding of usage of 5 da-

tabases and related operations

Table 6. Element plan: work flow using various modules

Basic tools

SmartParts

iParts

View generation

Engineering —
Concrete construction — Ele-
ment plan tool

Precast elements —
Structural precast element —
Element plan tool

Choice of elements

- Choice of elements

- Choice of elements

Direction choice

- Choice of layout pat-
tern

- Choice of layout pat-
tern, scale options

Settings

Placement

Label settings

Label placement

Section generation

- Choice of elements

Direction choice

Section cut placement

Settings

Placement

Label settings

Label placement

Reinforcement reports tool

- Table settings

- Reinforcement choice

Title block setting

Placement of views, sections
and reports

- Choice

- Settings

- Placement
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5.1.2  Connection design

Connection design with iParts allows avoiding steps in modeling of element geometry (either

for column or for beam which are to be connected) and cut out of the body part using 3D

Boolean operations. It's not necessary to be aware of exact element geometry near the connec-
tions. Also iParts connections are easier to remodify.

Table 7: Connection design: work flow using various modules

Basic tools

iParts

3D modeling tools

Join structural precast ele-

ments
- Create / import the el- - Selection of connec-
ements tion type
- Placement of elements - Choice or input of
geometry data
- Adjustment of connec- - Selection of connect-
tion to element geome- ing elements
try
- Summation of 3D ob-
jects
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5.1.3  Locating of insufficiently parameterized elements

Locating of insufficiently
parameterized elements

y

Model the same
basic element

Label of

new modeled element
is the same with

jnitially modelled ones

Element is
sufficiently
parameterized

Figure 26. iParts: Locating of insufficiently parameterized elements
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5.2Capabilities of SmartParts

5.2.1 Refill of elements catalog

5. Non-catalog elements:
geometry improvement

3D modeling tools

- Create / import and place the typical
elements (i.e. corbels)

- Moadifications in accordance with cur-
rent project data

- Summation, subtraction of 3D bodies

Out-of-catalog elements can be programmed with SmartParts script, saved and further used as
element from SmartParts catalog. Operation in this case can be replaced by set of additional
parameters while formulating the initial elements geometry.

In case of modifications the reset of parameters is more efficient than division of element
back into the parts, modification of the parts and further summation.

5.2.2  Refill of reinforcement catalog

Due to possible lack of elements in basic catalog (FF components tool) and possible lack of
options in parameter sets the programming of more detailed reinforcement allows to avoid
some operations corresponding to detailing of reinforcement.

9. Advanced geometry:
reinforcement

Bar Reinforcement tool
- Bar shape
- Stirrups placement
- Label

Table 8. Reinforcement design: work flow using various modules

Basic tools

SmartParts

FF components tool
(basic geometry)

Insert SmartParts

- Reinforcement shape

- choice of file with element

- Geometry - choice or input of geometry
data for element and rein-
forcement

- Placement - element placement

Bar Reinforcement tool
(advanced geometry)

- Bar shape

- Stirrups placement

- Label

Reinforcement report

At least 7 operations
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5.2.3  Design of 3-D build-in parts: transport anchors
Essential parameters for design of transport anchors:

- Type of anchor
- Amount for one element
- Placement on the element surface

Considerations in design

- Type and number of anchors according to weight requirements
- Limitations for anchor placement according to requirements for a particular anchor

type
Algorithm aim

- To avoid error-prone operations corresponding to analysis of acceptable types of an-
chors in accordance with weight of element and analysis of corresponding limitations
for anchor placement.

Assumptions

Figure 27. SmartPart: Element to be anchored Figure 28. SmartPart: anchor

Precast element is assumed as box-shaped SmartParts element. Anchor is cylinder-shaped
SmartParts element. Two anchors are assumed to be placed symmetrically on top surface.

Figure 29. SmartPart: anchored element
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Insert SmartPart

Parameter set

Set dimensions
for anchored element

Select available
type of anchor

Set the anchor placement
(corrected automatically)

Exit

Figure 30. SmartParts: Design of transport anchors
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User can modify dimensions of element, location of anchors 1 and 2 along the top surface of
the element. Also user can select the anchor type. Acceptable types of anchor are defined au-
tomatically. Placement of anchors is corrected automatically.

Palette —‘& Palette lé]
Section 1 - anchor: X dimension 0.200 -
~—
=
length | 04000 2 1st anchor Y dimension | 0.1600 B
. b v
Width 5.0000 & 2nd anchor: Y dimension | 4.8400 @
Height | 20000 anchor: Z dimension 1800 =
_‘E Anchor type | anchort |~ | 2
5 anchor type 2:m > 3t
T =
5 5

Figure 31. SmartPart with predefined transport anchors: Dialog box
Implementation
Parameter lists

Parameters a, b, ¢ define dimensions of box-shaped element. Parameters al, b1, b2, c1 define
location of anchors. Parameters b1 and b2 define location of anchor 1 and anchor 2 along the
top surface of element.

m — mass of the element [t]

Requirements for anchor design are defined as parameters anchor_type, a_a (minimum center
distance between anchors), a_r (minimum edge distance) [9]

Parameter || Master Script | | Parameter Script | | Dialog Script | | 2D Script | | 30 Script | | Resources

gk = | Group - [|Groups All attributes
# | Mame Dime... | Type Description Value Attribute ¥ 5 G
[ - - -
] a Lenagth Lenagth 0,400 none -+ o+
1 al Length anchor ¥ dimension 0.200 none -+ 4+
2 a.a Lenagth Minirmurm center dist...  0.300 none -+ o+
3 ar Lenagth Edge distance 0,150 none -+ o+
4 anchor_type String Anchor type ancho... none -+ 4+
5 b Lenagth Width 5.000 none -+ o+
& b1 Lenagth anchor ¥ dimension 0,140 none -+ o+
7 bz Lenagth Anchor 2Y dimension  4.840 none -+ o+
a boolean Boolean ] none -+ +
9 C Lenagth Height 2,000 none -+ o+
10 «cl Lenagth anchor Z dimension 1.800 none -+ o+
11 d Length Anchor height 0.200 none -+ 4+
12 m Decimal Element mass [t] 0,000 none -+ o+
13 ref x Lenagth ¥ dimension 1.000 none -+ o+
14 ref_y Length ¥ dimension 1.000 none -+ 4+
15 ref z Lenagth Z dimension 1.000 none -+ o+

Figure 32. SmartPart: anchored element. Parameter list
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Parameter script

Mass of precast concrete element m is defined by multiplication of concrete density which is
assumed 2.5 t/m* and element volume. Volume of box-shaped element is easily defined by its
dimensions. Anchor type 1 is available for selection by user if element mass is less / equal 3t

while anchor type 2 is acceptable if element mass is more than 3t.
Depending on anchor type the limitations are to be applied:

Anchors are to be placed at least at 0.31m (anchor type 1) / 0.30m (anchor type 2) from the
edge of precast element while distance between anchors is at least 0.16m (anchor type 1) /

0.15m (anchor type 2)

arameter | |Master Script || Parameter Script || Dialog Script | | 2D Script | | 3D Script | | Resources

A B E & | Current Units: m, deg
Baea 3 VALUES a RANGE [ @ , leee ]
aaaa4 fALUES b RANGE [ 8 , leaa ]
BaBa5 VALUES c RANGE [ @ , leea ]
pEAAE m= 2.5 *a *b * ¢

IF anchor_type = "anchor type 1: m <= 3t™ THEN
VALUES a_a @.31
VALUES a_r 8.16

ENDIF

IF anchor_type = "anchor type 2: m > 3t" THEN
VALUES a_a @.38
VALUES a_r 8.15

ENDIF

VALUES al a / 2

VALUES b1 RANGE [ a_r , b - ar - a_a ]
WALUES b2 RANGE [ b1 + a_a , b - a_r ]
VALUES c¢1 ¢ - d |

Figure 33. SmartPart: anchored element. Parameter script

Following script defines user options for parameter set.

Section 1 defines element dimensions. Section Anchor data defines location of transport an-

chors by parameters al, b1, b2, c1 as well as anchor type
[parameter | [Master Script | [Parameter Script || Dizlog Script | 2D Seript | (30
4:1 El? Ef p +'| Current

I PALETTE "Palette”
i "Section 1"

I_PAGE "Section 1"
I_INFIELD “a", @, @, @, @
I_INFIELD "b™, @, @, @, @
I_INFIELD "c", @, @, @, @
I_SECTION_END

I_PAGE "Anchor data"
I_INFIELD "al", @, @, @
I_INFIELD “b1", @, @, @,
I_INFIELD "b2", @, @, @,
I_INFIELD "c1", @, @, @
I_INFIELD "anchor_type"™,
I_SECTION_END

» ¥

» »

[ R I

o
L5
.
5
.
e
o
o
L5
5
.
5
o
L5
o
o
L5
5
.
e
o
L5
o
L5
2
.
5

Figure 34. SmartPart: anchored element. Dialog script

<= 3 THEN VALUES anchor_type "anchor type 1: m <= 3t"
» 3 THEM VALUES anchor_type “anchor type 2: m > 3t"
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3-D script

Element is defined as box with dimensions a, b, c. Anchor is defined as cylinder with h=0.2m
and diameter 0.02m. SmartPart anchor is stored as “a.smt”. Using command CALL two an-
chors are placed with coordinates al, b1, c1 and al, b2, c1.

Parameter | |Master Script | | Parameter Script | | Dialog Script | | 20 Saript || 30 Script

& |>__|? |>__|_x J\-r | Current L

TRANS al , bl , cl
ROTY @

TRANS &l , b2 , cl
ROTY 8
CALL

RESTORE ALL

Figure 35. SmartPart: anchored element. 3D script
Parameter | |Master Script | | Parameter Script | | Dialog Script | | 2D Seript || 30 Script

B = & | Current U
Baas oTY @
ggeed4  CYLIND 8.2 , 8.82

Figure 36. SmartPart: transport anchor. 3D script

Limitations in application

Anchored element has to be parametrically defined as SmartPart using SmartParts
script commands. Imported external objects which can be included into SmartPart are
not taken into account. Script is designed to use parameters which define the dimen-
sions of anchored element. If those parameters are missing they have to be defined by
user.

Volume of element has to be determined by user. Unfortunately element volume or
weight can’t be provided by SmartParts script. Presented script after modification is
able to provide for user the input option for the element volume / weight which can be
easily determined by other Allplan’s tools.

Outlook

A database of requirements for transport anchors (limitations for amount and place-
ment) can be stored and used in the script in the way that user doesn’t have to consider
this data him- / herself.

In the same manner anchor placement can be implemented considering reinforcement
of anchored element. If parameters for reinforcement are defined by script they can be
used to place anchors at certain distance from reinforcing bars.Furthermore, element-
dependent anchors can be replaced by reinforcement-dependent anchors. Since precast
element has to be detailed and 3-D build-in parts have to be designed this element also
has to be reinforced. While placement of anchor depends from reinforcement the
placement of reinforcement depends on precast element.
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5.2.4  Locating of insufficiently parameterized elements

If the element is missing some parameter data then the element is considered as insufficiently
parameterized. Lack of data input can lead to appearance of mistakes in element plans.

Priorities for check of parameters

Design automation leads to higher requirements for control of results. Automatic generation
of results can lead to mistakes. Those parameters which are specified for further transfer to
next stages of BIM workflow — . In general, parameters which can’t be
checked in further department, parameters which are directly related to current stage detailed
design and also to earlier stages - must be checked.

Example of SmartParts parameter set
Available by default SmartPart element Sleeve foundation.

- General
o Standard
= Concrete grade, Steel grade
o Reinforcement
= Layer options, Visualization
o Foundation
» Foundation type (rough, smooth), concrete cover for foundation and for
sleeve
o Object settings
= Visualization, Layer options, Color settings etc.
- Geometry
o Foundation geometry
o Sleeve geometry, Geometry of sleeve wall
- Longitudinal reinforcement
o in Xdirection, in Y direction
= Bar diameter, offset, hook length
- X-sleeve wall
o in Xdirection — Vertical stirrup, in Y direction — Horizontal stirrup
= Bar diameter, bar spacing in center and from edge, hook length / over-
lap length, bending pin diameter
- Y-sleeve wall
o in X direction — Vertical stirrup, in Y direction — Horizontal stirrup
= Bar diameter, number of bars in corner, bar spacing in and from center
and from edge, hook length / overlap length, bending pin diameter

Example of iParts parameter set
iPart element type Foundation

- Geometry
o General
= Input option (parameters, 3-D object)
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= Shape (Rectangle, Hexagon)
o Dimensions
= Widths, thickness, socket (without, attached, cut out), piles settings
o Socket position
= |f not centered — reference point, eccentricities
o Socket geometry
= Widths, enlarge at top, wall thicknesses, wall height, depth, profiling
- Attributes
o Factory

o Classification
» Concrete grade, Exposure class, Fire resistance classification
- Dimensions
o Alignment
o Loading dimension
o Production dimensions
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SmartPart script locates insufficient parameter sets

Based on demonstrated earlier example of transport anchor design the algorithm is able to
locate insufficient parameter sets for any other SmartPart element.

Algorithm aim
- To check whether parameters fulfill the requirements and to inform user about wrong
or missing parameters

Parameters to be checked
- Type of acnhor
Design requirements
- Type of anchors according to weight requirements

Palette sxp Front Left, Southwest Isometric View:2

Toals Library Connect Layers Palette

anchor X dimension | 0.2000
anchor ¥ dimension | 0.1600 q

Anchor 2 ¥ dimension | 4.8400

Geometry

anchor Z dimension | 1.8000

Anchortype | anchortyg |~ |

select anchor type
anchortypel: m <=3t
anchor type 2: m > 3t

ata

[3 E]} & Close E::‘\‘
Figure 37. Smart Part. Parameter set: Selection of anchor type
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Palette 1 x

Tools Library Connect Layers Palette

Length | 0.4000

Width 5.0000

Geometry

Height | 2.0000

Anchor data

Figure 38. SmartParts. Correctly defined parameter set..

The algorithm informes user about wrong/missing parameters by appearance of additional
parameter section ,,Wrong parameters or ,,Missing parameters”. Section contains these
parameters structutred in the list. Section provides possibility to reset missing/wrong
parameters.

|Palette # x|J” Palette 2 x|

Tools Library Connect Layers Palette Tools Library Connect Layers Palette

Anchor type | select ancl | ~ : Anchortype | anchortyg | =

Missing par.

Trong para...

e Wrong
Missing parameters Wrong parameters

Geometry
Geometry

Anchor data
Anchor data

Figure 39. Smart Part. Parameter set: Section Missing / Wrong parameters
Algorithm also informes user by appearance of error window ,,SmartPart cannot be generated
correctly” with possibility to agree with a mistake (further reset of parameters is possible) or
cancel the parameter set

4 >

Allplan

v The SmartPart cannot be generated correctly!
@' Subscripts are missing.
Would you still like to update it?

Figure 40. SmartPart. Error window
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>
>

-

Insert SmartPart <

__d

Parameter set

Set dimensions
for anchored element

Select type of anchor

User warned

User ignores warning

Exit

Error:
SmartPart cannot be
generated correctly.
Would you still

like to update it?

Anchor type
is not selected

Yes:

according to

weight of element

A

Selected
type of anchor
correct

Yes

!

Set location for anchor

Exit

User warned

Wrong anchor type
is selected

User ignores warning

Exit

Error:
SmartPart cannot be
generated correctly.
Would you still

like to update it?

A

anchored element

Figure 41. SmartParts: locating of insufficient parameter sets
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Implementation

Parameter ||Master Script || Parameter Script | | Dialog Script | | 2D Script | | 30 Script | | Resources

Bl = & Group - Groups All attributes
#  Mame Dime... | Type Description Value Attribute X 5 G
0 a Length Length 0,400 none -+ o+
1 al Length anchor X dimension 0.200 none -+ o+
2 a.a Length Minimum center dist...  0.300 none -+ o+
3 ar Length Edge distance 0,150 none -+ o+
4 anchor_type String Anchor type ancho... none -+ o+
5 b Length Width 5.000 none -+ o+
[ b1 Length anchor Y dimensian 0,160 none -+ o+
7 b2 Length Anchor 2 dimension 4,840 none -+ o+
8 boolean Boolean i} none -+ o+
9 c Length Height 2.000 none -+ o+
10 «cl Length anchor Z dimension 1,800 none -+ o+
11 d Length Anchor height 0,200 none -+ o+
12 m Dedmal Element mass [t] 0,000 none -+ o+
13 Parameter_is_missing String none none -+ o+
14 Parameter_is_wrong String none none -+ o+
15 ref x Length ¥ dimensian 1.000 none -+ o+
15 refy Length Y dimension 1.000 none -+ o+
17 ref z Length Z dimensian 1.000 none -+ o+

Figure 42. SmartPart: Parameters ,Parameter is missing“ and ,Parameter is wrong*

Parameter anchor_type has 3 options for user to be selected: Select anchor type, Anchor type
1, Anchor type 2. Parameter_is_missing and Parameter_is_wrong define whether
corresponding parameter section appears in dialog box as warning for user. If selected anchor
type doesn’t fit with correct value script assigns to parameter_is_wrong value ,,anchor type*.
Also command CALL ,,unexisting file* is used to cause the appearance of error window after
modeling is finished.
Parameter | | Master Script || Parameter Script || Dialog Script | | 2D Script | | 3D Script | | Resources
4 B & & | Current Units: m, deg

m=2.5%a*h*c
VALUES anchor_type “select anchor type” , "anchor type 1:

o

IF anchor_type = "select anchor type™ THEN
VALUES parameter_is_missing "anchor type”
CALL "unexisting file™

ELSE

Bea18 VALUES parameter_is missing “none”

e881ll ENDIF

=1 o

»Rcw B v I o v I I i ]

xR I s I I v I I e ]

x cw B e I e I e T o [ o [ e ]
woca

ol L N % % %)

)

88813 IF m <= 3 THEN

BOa14 IF anchor_type = "anchor type 2: m > 3t™ THEN
VALUES parameter_is wrong “anchor type”
CALL "unexisting file"

ELSE
VALUES parameter_is_wrong “none”

ENDIF

eaa2a  ENDIF

[~

=

C

| e
WCa =l oun

I v B v B v R )
NI B R v R )
S B s B s B v )

= ®

Baa22 Fm > 3 THEN

BBa23 IF anchor_type = "anchor type 1: m <= 3t" THEN
Bea24 VALUES parameter_is_wrong “anchor type”
BeE25 CALL "unexisting file"

Baa2e6 ELSE
Bea27 VALUES parameter_is_wrong “none™
Baa2s ENDIF
Figure 43. SmartParts: parameter script
Limitation in application
Algorithm doesn’t have limitations. It has potential to check any parameters of SmartParts
element.
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Identical elements tool for locating of insufficiently parameterized objects

Other person also sets the same parameters for the elements. After engineer finished a model
those elements are to be imported. If objects are not identical with the imported ones then

they miss some of parameters.

Locating of insufficiently
parameterized elements

Model the same
basic element

Modify initial
basic element

Exit

Show identical objects

Element is
insufficiently
parameterized

New modeled element
is identical with
initially modelled ones?,

Yes

|

Element is
— sufficiently
parameterized

Figure 44. SmartParts: Locating of insufficiently parameterized elements
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Figure 45. Remodification of SmartPart elements using identical elements tool
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6 USAGE SCENARIOS FOR MODULES SMARTPARTS AND IPARTS

6.1Usage scenario 2

Module SmartParts are able to provide more efficient detailed design of single elements
including build-in parts and reinforcement.

Module iParts supports modeling of parametric relations between elements and automatic
generation of user-predefined element plans. In addition, SmartParts can be indirectly
transformed into iParts.

SP

!

3D

E=E:

=

-+
4

iParts

=
]

9
0405030
ALLBAU 8 Lo%io

software (OJdd

Figure 46. Concept of scenario 2 (SP — SmartParts) [10]

Combined usage of SmartParts and iParts has potential to simplify modeling by partial
automation of detailing, connection design and plan generation.

6.2Usage scenario 3
Considering that:

- parametric objects are never absolutely universal since there will be always new more
complex objects to design

- only a few of detailed SmartPart elements are provided by default
- SmartParts programming takes more effort/costs

Usage scenario 2 isn't realistic. The full potential of SmartParts can be used only partially
depending on individual cases. Hence, some of operations have to replaced by the ones from
scenario 1. Realistic scenario for usage of modules is the combination of scenarios 1 and 2.
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Figure 47. Scenario 2. Modelling of elements - with SmartParts; connection design and plan generation - with

iPrats

48



Usage scenarios for modules SmartParts and iParts

6.3Workflows

Automatable operations are marked red. Replacing operations are marked green.

1. Choice of basic
elements shape

3D Architectural
catalog objects

2. Formulation of

basic geomV

3D Architectural
catalog objects

3. Out-of-catalog elements:
geometry improvement

Summation / subtrac-
tion of 3D objects

4. Basic elements
placement

5. Advanced geometry:
connection design

Summation / subtrac-
tion of 3D objects

6. Element plans
generation

1. Choice of
Elements shape

l SmartParts catalog

2,3,6,7,9

Formulation of complete
geometry of element and
its reinforcement

Parameter sets defined
by script

4. Basic elements
placement

Transformation
SmartParts — 3D object — iParts

L

5. Advanced geometry:
connection design

iParts: connection
design

—_—

6. Element plans
generation

iParts element plan

Final model

Figure 48. Scenario 2 (Part 1) Modelling of elements - with SmartParts; connection design and plan generation - with iPrats
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7. Advanced geometry:

build-in parts
Summation / subtrac-
2hogls tion of 3D objects
8. Reinforcement
Bar / mesh

FF components

reinforcement

Final model

Figure 49. Scenario 2 (Part 2)

Modelling of elements - with SmartParts; connection design and plan generation - with iPrats
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tion of 3D objects
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5. Advanced geometry:
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6. Element plans
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Figure 50. Scenario 2 (Part 1) Modelling of elements - with SmartParts; connection design and plan generation - with iPrats
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7. Advanced geometry:

build-in parts
Summation / subtrac-
AR tion of 3D objects
8. Reinforcement
Bar / mesh

} FF components
reinforcement

Final model

Figure 51. Scenario 2 (Part 2)
Modelling of elements - with SmartParts; connection design and plan generation - with iParts
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6.4Prototypical implementation of BIM model using modules SmartParts and iParts

The flowchart is aimed to describe the design of precast elements in phases 4 and 5 acc.
HOAI': approval planning and detailed planning (orig. Genehmigungsplanung; Ausfiihrung-
splanung). Flowchart is based on implemented models. Nevertheless it is universal and de-
signed to be used for other projects. Flowchart suggests the variety of usage scenarios. Green
arrows are used to describe the usage scenario 3.

Implementation of plans

Analyze input data

Implement
intelligent model

1
1
| parametric model
1

..............

Generate plans

Figure 52. Implementation of element plans

! Overall performance of architects and engineers in Germany is divided into phases accord-
ing to HOAI (Fees for architects and engineers, orig. Honorarordnung fur Architekten und
Ingenieurleistungen).

2 A distinction is made between a parametric building model and an intelligent building mod-
el. In parametric building model, all elements can be mutually brought into dependencies
(walls, ceilings, dimensions, annotations, objects, cutting lines, etc.), while the intelligent
building model intelligence is limited to individual objects.
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Analyze input data

3D intelligent model
provided?

No

2D plans
provided?

No

l

Consider input data
based on other
requirements

Consider
parameter sets
for elements

Implement

Import 2D plans

intelligent model

Implement

parametric model

Figure 53. Analyze input data
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Implement
intelligent model

Consider
indentical elements

Model
basic elements

1
1
Basic tools: 1
Additional detailing :

]

Figure 54. Implement intelligent model. Part 1
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Consider elements
to be shown on pilans,
All elements Only basic elements
Enhance Place identical to
basic elements basic elements
L 4
Place identical to Enhance
basic elements basic elements
Locate insufficiently |
parameterized elements |
Intelligent model
finished

Figure 55. Implement intelligent model. Part 2
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Implement
parametric model

e |

L .y

1 ! Transformation | 1

. to iParts S

1 1

e e e i
iParts:

Connection design

Parametric model

finished

Figure 56. Implement parametric model
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Generation of
detailed plans

Generation of plans

Sophisticated
SmartParts:
reinforcement
finished?

No

|

Basic tools:
Modelling of reinforcement

Draw 2D build-in parts

Detailed plans
finished

Figure 57. Generation of detailed plans
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6.4.1  Analysis of input data
Import of 2D drawing

Provided 2D drawings have differences in arrangement and element plans. Based on provided
data the combined solution is used to consider the parameters for modeling. Hence, the draw-
ings can be used in modeling only partially. Nevertheless, arrangement plan is imported and
also used as axis net.

] PLANBAR 2016 - 2016-03-09 Building - <No fileset>:DF1 - Verlegeplan Dach - 3 X
File Edit View nset Fommat Jools Create Change Repeat Window
@Ald B B A mimEXEEEED | A F e F s -1 - 1EEEEE - DEFAULT &9 B o s -
ook » x [F Front Left, Southwest Isometric View:2 =ox\ @
Tools  |[ Library || Connect |[ Layers | [Properties &
I, Basic bapel o
Create TN [kl
ad
/ ~ 000 ¢
. A /
~ oy Al i
oN G NBE R n
b= @ I K& :
| |
@l
A L # B

7 7 % B2 A
B ST R R

~ HERE W E

< MEA | MR s [ R E B BB

R

Click left to select, Ctrl+click to add. Shiftsclick to select entity group

L

w

Press FL to get Help. 4 Drawing type:_Scale definition Scale 1:100  Length m Angle 0000 deg

1909 | |
09.03.2016

B o. @3 o

Figure 58. Import of 2D drawing

59



Usage scenarios for modules SmartParts and iParts

6.4.2  Intelligent modeling
Consider identical elements:

Elements are mainly divided into groups on basis of geometry of cross section, connections
and additional details such as corbels. Since the connection design is out of concern at current
stage the geometry of cross section and corbels remain decisive parameters for division of
elements into groups.

Columns

Parameter sets:

Columns along axis A, G: Section 0.4x0.4m, 2 corbels

Columns along axis B, C, E, F: Section 0.4x0.4m, no corbels

Columns D1, D10: Section 0.4x0.6m, 4 corbels

Columns D4, D7: Section 0.6x0.6m, 4 corbels

Beams

Beams along axis 2-9: Length 18m

Beams along axis 1, 10: Length 6m

Girders

Girders D1-D4, D7-D10: Length 18m, 4 corbels, end supported by console
Girder D4-D7: Length 18m, 4 corbels, both ends supported by consoles

Consider software tools for modeling
Columns: SmartParts

Shape of columns is available in all element catalogs. SmartParts catalog in this case has ad-
vantage. SmartPart column has parameters for modeling of reinforcement. It allows partiall
avoiding of this step at further stages.

Beams (axis 1, 10): iParts

Beams have simple quadratic shape. None of catalogs is able to provide a strong advantage.
In this use of iParts allows avoiding the transformation of these elements to iParts since they
are initially modeled as iParts.

Beams (axis 2-9) and girders: basic tools

Beams and girders have complicated shapes which are not provided by other catalogs. More-
over, complete shape of some elements can be provided only partially by tool Concrete Con-
struction — 3D object.

The variety of available initial data is assumed, either this is model or plans at stage of prelim-
inary or approval planning as well as lack of initial data for modeling.
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Model basic elements

Selecttool = >

beams and girders

Basic tools

Bonus tools -
3D modelling -
Concrete construction
3D object

columns

i

SmartParts

Bonus tools -
SmartParts -
Insert SmartPart

beams

iParts

Precast Elements -
Structural Precast Elements -
Structural Precast Element

All elements modelled?

Yes

Figure 59. Model basic elements
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Bonus tools -
SmartParts -
Insert SmartPart

¥

Select file in SMT format

A

Parameter input

Graphics of 2D plans
or other elements
can be used as data input

No

l

Yes

Parameter input
through dialog box

Parameter input
using handles

in accordance with 2D plan
/ other element

P set
finished?

Yes

l

Place element

Figure 60. SmartParts: parameter set
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Parameter input
through dialog box

Required or similar to
parameter set is available
in database

Yes

l

Load favorite (set)

N

No—>}

Enter required parameters

End

Figure 61. Parameter input through dialog box
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Figure 62. Implemented model: SmartPart column. Parameter set
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Bonus tools -
3D modelling -
Concrete construction

Column (19 types)

3D object

Foundation (2 types)

Beam (8 types)

Girder (4 types)

4,|

Tanking (2 types)

Pl panel (2 types)

Stair (1 type)

Parameter input
through dialog box

Place element

Figure 63. Basic tools — Concrete construction 3D object: parameter set

Z Girder type 2 —
0.360 0.000
— 17,78 — 0300
1.500 —] LN
500, =
. 1.500 0.000
0.000 _L 1+ 9410 ] Lt 0100
0.000 J_,!_t 0.000 0.250 0410 ST
¥
\.u ér i{ _.'B E ihm? :K«.
L OK || Cancel |

Figure 64 Implemented model: Modeling of girder with basic tools
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Precast Elements -
Structural Precast Elements - Column
Structural Precast Element
Foundation
Girder
Parameter input
Sewn through dialog box
Stair
Wall
Place element
Slab
Custom
Figure 65. iParts: parameter set
Structural Precast Elements R el T s n

glools]| Structural Precast Elem... | |Libeaey) | Connect] | kavers) Tools | Structural Precast Elem... ||Library| | Conneet | [Layers |
Selection

O A DR
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Dimensions
Invaicing

Properties 5 | ool (- &

Figure 66. Implemented model: iPart beam. Parameter set
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Boolean operations

Create 3D object

Bonus tools - 3D modeling -
Box / Cylinder

for union / subtraction

Import from other project

y

Set parameters <

Bonus tools - 3D modeling -
Concrete construction 3D object

A

Bonus tools - 3D modeling -

Union / Solid Subtract and Remove

Detailing of element
finished

Figure 67. Basic tools: Boolean operations.

Applied for detailing of elements (additional consoles, connections, build-in parts)
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Additional detailing of elements

Girders

None of catalog contains finished parametric object. In this case, boolean operations (union,
subtraction of solids) are considered to be taken. Similar parametric object is found in catalog

using one of basic tools (Concrete construction 3D object). Additional objects are defined. All
objects are unified.
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9 Bonus Tool =l p

Create E}

N2 9 8 ¢
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n |

kK e@# Il 2 P
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=N el e Rl |

o IR I = §

<Union> Select solids to merge, click right mouse button to confirm

Press F1 to get Help. (F7 Drawing type_Scale definition Scale 1:100 Length Angle: 180.000

Figure 68. Implemented model. Detailing of girder. Union of 3D objects
Consider elements to be shown on plans

Only basic elements are considered to be shown on plans. Those elements are to be copied.
Generally model for approval design is finished at this stage.
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Figure 69. Implemented model: SmartPart column. Placement of elements
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Figure 70 Implemented model: modeling of beam with basic tools. Placement of elements
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Figure 71 Implemented model: intelligent modeling finished
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Enhance the el
to be shown on plans
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Figure 72. Enhance the elements to be shown on plan
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iParts:
Connection design
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Figure 73. iParts: connection design
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Figure 74. Generation of element plan
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Transformation
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Figure 75. Transformation SmartParts — 3D objects
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Qualitative assessment of modules SmartParts and iParts. Recommendations for use in

practice

Transformation
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J Modify geometry
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Select elements to modify
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Figure 76. Transformation 3D objects - iParts
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/ QUALITATIVE ASSESSMENT OF MODULES SMARTPARTS AND
IPARTS. RECOMMENDATIONS FOR USE IN PRACTICE

A parametric 3D model has to fulfill two basic requirements. Once model has been imple-
mented it or its elements can be used in further models (model reusability). Alteration of im-
plemented model has to be performed in an easy way (model flexibility). Goal of modules
SmartParts and iParts is to minimize the number of steps in general and number of the error-
prone steps while creation, alteration and reuse of a model. Those are the qualities to assess.

Implementation of element plans.

Both modules SmartParts and iParts can replace stepwise section-by-section modeling of
plans by generation of complete plans in a few steps. Both SmartParts and iParts provide flex-
ibility of generated element plans. Plans can be always altered using basic design modules. In
terms of reusability iParts Element plan tool has strong advantage. Predefined layouts pro-
vides highly qualified design automation.

iParts Element plan tool strongly recommended for use in practice. From all available and
considered in this work tools only 'Element plan' supports automatic generation of element
plans according to predefined layout.

iParts layout catalog has relatively complicated sets of parameters with high amount of them.
Use of help files, contact to support or taking a training for software usage is recommended to
get along with procedure of parameter set.

Connection design.

Reuse of 3D connections is complicated while they have to be imported and unified. Those
are time-consuming operations. Also 3D connection has to be adjusted to each element graph-
ically. This is error-prone. If many elements have to be moved then 3D connections have to
be again adjusted to new conditions. iParts connections have to be parametrically set once,
and then only elements of corresponding elements (such as column and beam) have to be se-
lected. It replaces graphic set and "copy and paste” operations of connection design in 3D
format. Parametric relations between connected elements provide high flexibility. Connection
remains if elements are moved (conditional: depends on changes to be applied).

Use of iParts connections is strongly recommended. This is the only option which supports
parametric relations between elements which is one of the main ideas of parametric 3D mod-
eling. Alteration of elements in big projects is to be simplified by using iParts connections.

On the other hand, iParts has limited number of supported types of connections. iParts don't
support boolean operations. 3D connection design is to be done with 3D objects. Not support-
ed types of connections are to be modeled in advance in 3D format before transformation of
elements into iParts format. Otherwise, iParts are to be transformed into 3D, connected and
then transformed back into iParts.

Transformations.

iParts is strongly recommended for connection design and implementation of plans. Neverthe-
less, module implies that elements have to be in iParts format. This means that either elements
have to be initially modeled as iParts or they have to be transformed into iParts. Due to poor
options of iParts element catalog the second option is more suitable for detailed design.
Transformed into iParts elements have lower flexibility and reusability due to lack of options
for alteration. If iParts are modeled based on 3-D objects these iParts cannot be altered. Con-
sequently they have to be transformed back into 3D objects, altered and transformed again
into iParts which brings additional steps into design process. Furthermore, use of detailed
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SmartParts elements implies their one-way transformation into 3D objects with breaking
some of SmartParts parametric relations. Also SmartPart element may be splitted into several
parts during transformation. Furthermore, software bug may appear after transformation -
transformed reinforcement elements may not be shown on plans. Then 3D objects are to be
transformed into iParts. These indirect transformations lead to lower flexility and reusability.

It is recommended to choose correct strategy for parametric modeling (Figure Strategies for
modeling). The best is to avoid transformations. It is possible if detailing of elements is not
required. Also transformation Architectural objects - iParts doesn't remove model of architec-
tural objects which is still flexible and reusable. On the other hand, iParts element catalog and
architectural objects are efficient not for detailed design but for approval planning (de
Genehmigungsplanung).

On one hand, SmartParts can provide partial automation of element detailing. On the other
hand, SmartParts have to be saved before transformation and used in case of alteration. Then
they are to be transformed, probably unified, move with distance 0 (in order to avoid software
bug). In some cases it may be not possible to determine whether 3D modeling and detailing of
elements is faster then modeling of detailed SmartParts elements with further transformation.
If SmartParts doesn't bring high benefits in the workflow - if they are not able to simplify sig-
nificantly the detailed design and they have to be further detailed - then it is recommended to
use basic design modules for modeling and detailing of elements.

Modeling of detailed elements

Time-consuming steps in modeling of elements can be avoided if complete element is found
as parametric object in element catalog. The biggest catalog of elements is provided by basic
design modules. iParts catalog has similar catalog but limited comparing with basic design
modules. SmartParts catalog is the worst in terms of availability of elements and the best in
terms of design freedom due to use of numerical modeling of elements. SmartParts have po-
tential to model detailed elements directly including reinforcement, build-in parts, if needed
connections. On the other hand, SmartParts have no user-friendly options for boolean opera-
tions. Reusability of modeled parametric objects doesn't vary much from module to module.
Parameter sets always can be stored, loaded, altered or reused. SmartPart elements are the
most flexible. Element has variety options for alteration: graphic, alphanumeric, by script.
iPart elements can be changed using dialog box. And element of convenient format (3-D ob-
jects) have only graphic options for alteration which is error-prone. Strategy for tools selec-
tion (see Figure) is recommended for use in practice.

Modeling of reinforcement and build-in parts share the same principle except that iParts don’t
provide detailing of elements. Moreover, boolean operations which are necessary part of de-
tailing (i.e. additional consoles, openings) are possible either by basic design modules or
SmartParts script. Second option involves intensive programming considering that complicat-
ed elements can contain more than 50 parameters.

It is recommended that not modeler but programmer implements detailed SmartPart elements
by script. SmartParts programming is complicated for user due to commercial interests of
vendor for selling finished detailed SmartPart elements and due to consequent lack of tutori-
als.

75



Qualitative assessment of modules SmartParts and iParts. Recommendations for use in

practice

A

Modeling with
basic design modules
(approval planning)

Detailed design with basic
design modules

N4

A

Modeling with SmartParts
(detailed design)

A

Transformation
SmartParts - 3D objects

Transformation
3D objects - iParts

iParts
Connection design

iParts
Generation of plans

Modeling with iParts

Transformation
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Figure 77. Strategies for usage of SmartParts, iParts and basic design modules.
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Figure 78 Tools selection for modeling of elements
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8 SUMMARY AND OUTLOOK

"Parametric 3-D modeling a building, rather than intelligent modeling, holds the potential to
simplify the process of detailed design and to reduce the occurrence of errors and the need for
rework in construction projects. Employing parametric 3-D CAD is necessary, but not
sufficient: the building model must be developed in an integrated parametric fashion, must be
comprehensive, must cover as much of the project scope as possible, and must drive the
production of all drawings and reports, if the benefits are to be fully realized. "[11]

Study on two implemented BIM models demonstrates that use of software modules
SmartParts and iParts, as expected, is able to increase the overall efficiency in planning of
precast concrete elements. Time-consuming and error-prone steps can be replaced through
partial automation. Semi-automation of design process results in precast concrete production
saving time and money.

Nevertheless, fulfillment of general requirements of the parametric 3D modeling - flexibility
and reusability of a model - is conditional. Conditions vary depending on the particular tool of
a module to use, stage of modeling to perform and types of elements to be modeled.

SmartParts don't support intelligent modeling. iParts have poor options for parametric design
comparing with SmartParts and 3D objects. Transformed into iParts elements have poor mod-
ification options. Development of new tools which combine advantages of both modules
would increase efficiency:

- modification options and freedom of design by SmartParts (programming, alphanumeric,
graphic modification)

- Modelling options (openings, union and subtraction) of 3D objects

- intelligent modelling and automatic generation of plans using iParts

The Allplan Precast currently developes the module which has potential to advance the
module SmartParts. Currently applied SmartPart script language is to be replaced by more
common Python language.
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APPENDIX 1.

PATTERN DRAWINGS FOR PRECAST CONCRETE PRODUCTS.
MUSTERZEICHNUNGEN FUR BETONFERTIGTEILE.

Drawing are provided by organization German Precast Concrete Construction
(Fachvereinigung Deutscher Betonfertigteilbau e.V.)
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