)

Check for
updates

First Step Towards the Technical Quality
Concept for Integrative Computational Design
and Construction

Laura Balangé® ®, Li Zhang®, and Volker Schwieger

Institute of Engineering Geodesy, Geschwister-Scholl-Strafle 24D, 70174 Stuttgart, Germany
{laura.balange, li.zhang,volker.schwieger}@iigs.uni-stuttgart.de

Abstract. In a world with a growing population, the development of new con-
struction forms is becoming increasingly important. This development has to be
accompanied by intense quality assessment. Within the framework of the Excel-
lence Cluster IntCDC (Integrative Computational Design and Construction for
Architecture) of the German Research Foundation (DFG) at the University of
Stuttgart, a Holistic Quality Model for building systems is to be developed. This
model should consider social, environmental as well as technical aspects and thus
enable a holistic quality assessment of the building. For the technical part of the
model quality parameters and characteristics for many different disciplines like
architecture, structural engineering, engineering geodesy, mechanical engineering
and system engineering should be included. This definition of the critical param-
eters will take place in close alignment with the co-design-based development of
building systems. In addition, the construction processes are modelled in order to
allow quality propagation through the construction process. This contribution will
deal with a first quality concept, a first quality model as well as exemplary quality
characteristics and parameters gathered from concrete and timber constructions.
Exemplary quality propagation possibilities will be highlighted based on previous
work at the Institute of Engineering Geodesy (IIGS). The quality will be evaluated
at different decision points during the building processes in the future.
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1 Introduction

Nowadays, the development of new building forms is important in order to meet the
global demand for buildings. Within the framework of the Cluster of Excellence for
Integrative Computational Design and Construction for Architecture (IntCDC), funded
by the German Research Foundation (DFG) at the University of Stuttgart, new buildings
are to be constructed to fulfill current social, environmental and technical requirements.

The aim of the IntCDC project is to develop new innovations in the building sec-
tor by using the full potential of digital technologies [1]. Here the development of a
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comprehensive methodology of the “co-design” of methods, processes and systems is
in the focus [2, 3]. For this new and innovative processes and methods also, quality
assurance is important. Within the overall project, a Research Project with the name
“Holistic quality model for IntCDC building systems: social, environmental and techni-
cal characteristics” was developed to rate the new buildings systems and processes. This
holistic quality model will be developed within the framework of the overall project in
cooperation with the Institute for Social Sciences (SOWI) and the Institute for Acoustics
and Building Physics (IABP) and the Institute of Engineering Geodesy (IIGS) in order
to represent the social, environmental and technical characteristics and parameters.

In Fig. 1 the planned holistic quality model is shown. Here, the subject-specific
models are each represented by exemplary quality characteristics, since the final char-
acteristics and parameters used are developed in the course of the project [4, 5]. The
final quality characteristics and parameters will be developed within the project in close
interdisciplinary cooperation. The quality requirements in the construction process vary
greatly depending on the used material and construction method. These requirements dif-
fer also according to discipline and are implemented in a co-design-based development
process.
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Fig. 1. Holistic quality model for IntCDC building systems [6]

Another difference compared to the previous evaluation of construction processes is
that this is not a linear evaluation process. Rather, quality feedback should be provided to
the disciplines involved as early as possible in order to be able to identify any problems
and to initiate appropriate countermeasures, which in turn are then subject to a quality
assessment.

In the context of this work, first the basic concepts of quality and their relation to
previous work in the context of quality assessment will be discussed. Also general quality
terms such as quality characteristics, parameters and the specific parameter tolerance
correctness are defined. Then a first concept is explained regarding the identified quality
characteristics and parameters. Finally, previous methods of quality propagation, which
will be further developed with the project, are explained. A distinction between the
propagation of the statistic quantities and the propagation of the tolerances is made.
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2 General Quality Terms and Models

2.1 Overview of Technical Quality Models

The term quality is defined according to DIN EN ISO 9000 as “degree to which a set of
inherent characteristics fulfils the requirements” [7]. Here the requirements are defined
as “need or expectation that is stated, generally implied or obligatory” [7]. Quality
assurance therefore refers to ensuring that the requirements for a product or process are
fulfilled.

In general, a quality model is used to assess the quality of products and processes
based on quality characteristics and parameters. Figure 2 shows the structure of a quality
model.

Quality

requirements /product definition

y V

structure
characteristics parameter
substantiate

quality model

Fig. 2. Definition of a quality model [8]

The assessment and evaluation of the quality of a product or a process is of great
importance in many areas of daily life. For this reason, quality models are application-
orientated in various disciplines. In the field of software development, they are used
for the evaluation of a developed software product. In [9] the prototype of a quality
model, which evaluates a new software by means of quality characteristics such as
correctness, efficiency, reliability or functionality, was developed. The qualitative aspects
of software products were also considered in [10]. Here different software packages
for adjustment calculation were examined. The application of quality models has also
been used in the field of geodesy for a long time. As an example, quality modelling is
applied to geodetic networks. For these networks, the quality characteristics accuracy and
reliability are of great importance. For engineering geodetic networks, the characteristics
sensitivity and separability are also used for the evaluation [11]. Quality modelling is
also already being used in the construction sector. For example, within the framework
of the EU project QuCon “Development of a Real Time Quality Support System for the
Houses Construction Industry”, a real-time quality control system has been developed
for the use in housing construction processes [12]. Quality assessment also plays a
role in the development of Building Information Modelling (BIM). For this purpose, a
BIM based construction quality management model was developed, that does not base
on characteristics and parameters, but takes into account data from the design to the
construction of a building [13].
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2.2 Quality Characteristics and Parameters

When setting up quality models, a differentiation must be made between quality charac-
teristics and quality parameters. A quality characteristic describes a specific character-
istic of a product or process. In DIN EN ISO 9000 the quality characteristic is therefore
defined as “inherent characteristic of a product, process or system related to a require-
ment” [7]. These quality characteristics can now be substantiated by quality parame-
ters. Each parameter can be quantified by a (measured) value. In addition, it should be
mentioned, that a quality characteristic might have one or more quality parameters.

From [8] quality characteristics and parameters for engineering geodetic processes
in building construction were extracted. As an example, these quality characteristics and
parameter are presented in Table 1. Here a distinction is made between product-related
and process-related quality characteristics. One of these quality parameters, the tolerance
correctness, will be further described below.

Table 1. Quality characteristics and—parameters for engineering geodesy processes [8]

Quality characteristic | Parameter Product- (pt)/process-related (ps)
Accuracy Standard deviation pt
Correctness Topological correctness pt
Tolerance correctness pt
Completeness Number of missing elements pt
Number of odd elements pt
Reliability Condition density pt
Minimal detectable error pt
Vulnerability to failure ps
Timeliness Time delay ps

2.3 Tolerance Correctness

The tolerance T of a building component is kept when the difference between the actual
size Syt and the given nominal size Spop, is less than the difference between the maximum
possible component size and the minimum possible component size. In the following,
this tolerance is assumed symmetrical. This dependency is given by

T -
E = |Sact_snom| Zd» (1)

with d as actual deviation. The real size is determined by measurements. However, the
measured quantity Speas 1S not identical with the actual size as they differ by the uncer-
tainties of the measuring device. This is normally not taken into account if the keeping
of the tolerances is assumed [14]. In order to be able to evaluate compliance with the
tolerance under consideration of the measurement uncertainty, the term tolerance cor-
rectness is introduced [8]. For this purpose, the standard deviation o of the measurement
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is first converted into the measurement tolerance T, . The measurement tolerance T); is
given by

Ty =2k o. 2)

Here k is a factor which depends on the error probability o, e.g. k =~ 2 fora = 5% and
assumed Gaussian distribution. This measurement tolerance decreases the construction

tolerance T, since the tolerance
T =Ty +Té. 3)

Since these two tolerances are statistically independent of each other, the quadratic
propagation has to be applied. Thus, Eq. (1) results in

1 7 ) 2
5 T _TM = |Smeas_snom| =d, (4)

with d as random deviation. The tolerance correctness T; now indicates whether the
required tolerance was met or not. The tolerance is met if

1
Tk:<§\/ﬁ>—d20. 5)

3 Technical Quality Model Within the Framework of IntCDC

3.1 Technical Quality Concept for IntCDC

The quality requirements of the different disciplines within the framework of IntCDC
differ widely. Therefore, a survey was first conducted to determine the various quality
characteristics as well as the standards and regulations applicable to the various disci-
plines. The first results of this survey concerning the general understanding of quality
and the different quality requirements for the development stages of the individual con-
struction and planning phases are presented. It shows that the relevance of technical
quality modelling is of high importance for all disciplines. Furthermore, it was shown
that a large part of the participants orientates their work on national and international
norms and standards. In addition, urban development guidelines play a major role, espe-
cially in the planning phase. From this, a technical quality model is to be created, which
will evaluate the individual requirements at various previously defined checkpoints [12].
The technical quality concept includes a first set-up of the quality model, as well as the
corresponding quality characteristics and parameters.

In afirst step, product related quality characteristics are extracted from the commonly
used standards [15—-18]. As it turns out the characteristics themselves do not differ much
between the different materials used and disciplines involved, but the parameters surely
differ. Here, the component properties in concrete construction and in timber construc-
tion were considered first. In addition to geometrical parameters, which must be known
with a specified tolerance, the characteristics that describe the stress properties of the
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material are of major importance. This is for example the bearing capacity. Furthermore,
characteristics such as compliance with fire protection regulations or with water perme-
ability of walls must also be considered. The evaluation of the quality characteristics
and parameters shows a multi-levelness of the parameters. Some primary parameters are
combined to determine high-level condensed parameters.

3.2 Exemplary Quality Characteristics and Parameters

In the following, some quality characteristics are presented for concrete and timber
building components. As already mentioned, in addition to the quality characteristics
used in geodesy, characteristics such as bearing capacity, usability, strength, durability
or fire protection properties are of high importance. In Table 2 some exemplary quality
characteristics and parameters for the technical quality concept are shown.

Table 2. Exemplary quality characteristics and parameters for the technical quality concept for
IntCDC for concrete and timber building components

Quality characteristic | Exemplary parameters

Accuracy Standard deviation
Correctness Tolerance correctness
Completeness Number of missing elements

Number of odd elements

Bearing capacity Load application time
Pressure, tension

Water permeability | Stress class

In the first step, special attention will be paid to the geometric parameters. These
include, for example, tolerances for dimensions, angels, flatness or deviations from
alignment [15]. When considering the tolerances of the dimensions, it must also be
taken into account whether these are dimensions or clear dimensions. It must also be
noted that the tolerances are given in relation to the size of the component.

3.3 Condensed Parameters and Primary Parameters

As already mentioned, quality characteristics are structured by several quality parame-
ters. In this structure, a quality characteristic can have several condensed quality param-
eters, which in turn consist of several primary parameters. The values of the condensed
parameters may be based on the values of the primary parameters. It should also be
considered that a primary parameter could be assigned to several condensed parameters.
This structure is shown exemplarily in Fig. 3. Here the water permeability of a build-
ing component is described by the stress class as well as the utilization class. These
correspond here to the condensed parameters. The parameter stress class in turn con-
tains the parameters granulate size and wall thickness. These correspond to the primary
parameters.
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Fig. 3. Concept of use of characteristics, condensed-parameters and primary parameters
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4 Quality Propagation Possibilities

4.1 Accuracy and Correctness Propagation

In order to be able to make an early statement about the quality of the final product (in
this case the finished building, or an individual part of the building process), the quality
characteristics and parameters must be propagated through the process. At this stage, it is
not possible to discuss quality propagation for all parameters, since they are not defined
up to now. However, as investigated in other projects (e.g. [19]), the propagation of quality
accuracies and the propagation of tolerances plays an important role. Therefore, the
propagation of the tolerance correctness should be mentioned. Regarding the tolerance
correctness, it should be noted that the tolerance correctness is not propagated by the
process, but the tolerance T and the measurement tolerance 7y, which are used for the
calculation according to (5), have to be propagated.

4.2 Quality Propagation for Measurements

In order to be able to carry out quality propagation for statistic quantities e.g. mea-
surements, classical variance-covariance propagation can be applied, or alternatively a
Monte-Carlo simulation can be performed. This is of importance, since in many cases
the size, angle and flatness cannot be measured directly, but is a function of measured
values. For example, the determined component length is a function of the measured
distances and angles. In classical variance-covariance propagation, the input variables
are assumed to be normally distributed. Furthermore, linear dependencies between mea-
sured variable and target variable are assumed. A linearization is necessary for this [11].
In contrast, Monte Carlo simulation offers the advantage that analytical or numerical
differentiation for linearization is not necessary. In addition, the input variables here do
not have to be normally distributed. Instead, they can follow any distribution. However,
m random numbers for the measured variable must first be generated with the assumed
distribution function. The expected value, the variance or confidence intervals can then
be derived by evaluating the model several times. The general procedure for both meth-
ods of propagation is shown in Fig. 4. The disadvantage of the Monte Carlo simulation
compared to variance covariance propagation is that a higher computational effort is
required due to the m-times calculation, exemplarily 100 000 times, and thus the com-
puting capacity influences the duration of the solution [19]. In principle Guide to the
Expression of Uncertainty in Measurement (GUM) [20, 21], that is widely applicable
e.g. in mechanical engineering, purpose the use of Monte-Carlo too.
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Variance-Covariance-Propagation:

input: output:
normal distribution linear/linearized model normally distributed characteristics
1,

calculate 1 time

Monte-Carlo-Simulation:

input: output:
any distribution non-linear model empirical distribution characteristica
W,0,03,04,...

calculate m-times

Fig. 4. Comparison of variance-covariance reproduction and Monte Carlo simulation according
to [19]

4.3 Quality Propagation for Tolerances

Besides the variance-covariance propagation of the measurements, sometimes the toler-
ances have also to be propagated through the construction process. Different fit calcula-
tions are used for this [22]. On the one hand, values of all individual tolerances may be
added up. This results in the total tolerance Tcomp by

Teomb = Z T1;, (6)

where T; are the included tolerances. This corresponds to a linear tolerance propagation,
which is mainly consider in mechanical propagation processes. If a component consists
of four individual building components, each has a certain tolerance. If these parts are
assembled to form a common building system, the tolerances have to be summed up.
On the other hand, as in geodesy, fit calculations are carried out under considering of
the tolerance propagation. This results in the total construction tolerance following

Teomb =/ Y (T (7)

This method is popularly used in civil engineering as well as engineering geodesy.
The decision among (6) and (7) is also a challenge for the future.

For the tolerance correctness, the tolerance 7' can be propagated according to 4.3, the
measurement tolerance Ty, can be propagated according to 4.2 and the random deviation
d can be measured.

5 Conclusion and Outlook

In conclusion, it is shown that the first quality characteristics have been identified and
structured. In comparison to other quality models, condensed quality parameters and
primary quality parameters are introduced. In the further progress of the project, the
individual characteristics and parameters will be structured and related to each other. In
addition, the quality characteristics and parameters must be extended from the compo-
nent level to the manufacturing processes and the whole building systems in order to be
able to carry out a quality assessment of these processes. The processes are also needed
to create quality propagation methods through and for the processes.



126 L. Balangé et al.

Acknowledgements. This contribution is supported by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) under Germany’s Excellence Strategy— EXC 2120/1-
390831618. The authors cordially thank the funding agency.

References

1. Schwieger, V., Menges, A., Zhang, L., Schwinn; T.: Engineering Geodesy for Integrative
Computational Design and Construction. ZfV, Heft 4/2019 (2019).

2. Menges, A.: New Cluster of Excellence: Integrative Computational Design and Construc-
tion for Architecture. [online] Available: https://icd.uni-stuttgart.de/?p=24111, last access
12/2019.

3. https://www.youtube.com/watch?v=UaegUNOXeRA, last access 2/2020.

4. 4. Kropp, C.: Controversies around Energy Landscapes in Third Modernity, Landscape
Research, 43, 4 (2018), 562-573.

5. Horn, R., Dahy, H., Gantner, J., Speck, O., Leistner, P.: Bio-inspired sustainability assessment
for building product development—Concept and case Study, Sustainability, 10, (2018), Art.
130. https://doi.org/10.3390/su10010130.

6. Schwieger, V., Kropp, C., Leistner, P.: Holistic quality model for IntCDC buildings systems:
social, environmental and technical characteristics (2019). Unpublished.

7. DIN EN ISO 9000: Quality management systems — Fundamentals and vocabulary, Trilin-
gual version. Normenausschuss Qualitidtsmanagement, Statistik und Zertifizierungsgrundla-
gen (NQSZ) in DIN (Deutsches Institut fiir Normung e.V.), Beuth Verlag GmbH, Berlin
(2005a).

8. Schweitzer, J., Schwieger, V.: Modeling of quality for engineering geodesy processes in civil
engineering. Journal of Applied Geodesy, Walter de Gruyter, 5(1), 13-22 (2011). http://doi.
org/10.1515/jag.2011.002

9. Ortega, M., Pérez, M., Rojas, T.: Construction of Systemic Quality Model or evaluating
a Software Product. Software Quality Journal, Volume 11, Kluwer Academic Publishers,
pp- 219-242 (2003). https://doi.org/10.1023/a:1025166710988.

10. Schwieger, V., Foppe, K., Neuner, H.: Qualitative Aspekte zu Softwarepaketen der Aus-
gleichungsrechnung. 93. DVW-Seminar: Qualitdtsmanagement geoditischer Mess- und
Auswertverfahren. Hannover, 10.-11.06.2010.

11. Niemeier, W.: Ausgleichungsrechnung: statistische Auswertemethoden (Ed. 2). Walter de
Gruyter, Berlin, New York (2013)

12. Zhang, L., Schwieger, V.: Real Time Quality Assurance Indexes for Residential House
Construction Processes. FIG Working Week, Marrakesch, Marokko, 18.-22.05.2011.

13. Chen, L., Liu, H.: A BIM-based construction quality management model and its applications.
Automation in Construction, 46, 64—73 (2014). http://doi.org/10.1016/j.autcon.2014.05.009

14. Heunecke, O.: Eignung geodétischer Messverfahren zur Malkontrolle im Hochbau. ZfV, Heft
4/2014 (2014). https://doi.org/10.12902/zfv-0021-2014.

15. DIN 18202: Toleranzen im Hochbau — Bauwerke. Normenausschuss Qualitdtsmanagement,
Statistik und Zertifizierungsgrundlagen (NQSZ) in DIN (Deutsches Institut fiir Normung
e.V.), Beuth Verlag GmbH, Berlin (2019).

16. DIN4109: Schallschutzim Hochbau - Teil 1: Mindestanforderungen. Normenausschuss Qual-
itditsmanagement, Statistik und Zertifizierungsgrundlagen (NQSZ) in DIN (Deutsches Institut
fiir Normung e.V.), Beuth Verlag GmbH, Berlin (2005b).

17. DIN EN 1995-1-1: Eurocode 5: Design of timber structures — Part 1-1: General — Common
rules and rules for buildings; German version EN 1995-1-1:2004 + AC:2006 + A1:2008.
Normenausschuss Qualititsmanagement, Statistik und Zertifizierungsgrundlagen (NQSZ) in
DIN (Deutsches Institut fiir Normung e.V.), Beuth Verlag GmbH, Berlin (2010).


https://icd.uni-stuttgart.de/%3fp%3d24111
https://www.youtube.com/watch?v=UaegUN0XeRA
https://doi.org/10.3390/su10010130
http://doi.org/10.1515/jag.2011.002
https://doi.org/10.1023/a:1025166710988
http://doi.org/10.1016/j.autcon.2014.05.009
https://doi.org/10.12902/zfv-0021-2014

19.

20.

21.

22.

First Step Towards the Technical Quality Concept ... 127

. DIN EN 1995-1-1/NA: National Annex — Nationally determined parameters — Eurocode 5:

Design of timber structures — Part 11: General — Common rules and rules for buildings.
Normenausschuss Qualititsmanagement, Statistik und Zertifizierungsgrundlagen (NQSZ) in
DIN (Deutsches Institut fiir Normung e.V.), Beuth Verlag GmbH, Berlin (2013).
Schweitzer, J., Schwieger, V.: Modeling and Propagation of Quality Parameters in Engineering
Geodesy Processes in Civil Engineering, in Kutterer, H., F. Seitz, H. Alkhatib, and M. Schmidt,
The 1st International Workshop on the Quality of Geodetic Observation and Monitoring
Systems [Proceedings of the 2011 IAG International Workshop, Munich, Germany April
13-15, 2011] (Heidelberg: Springer, 2015), pp. 163-168.

JCGM: Evaluation of measurement data — Supplement 1 to the*“Guide to the expression of
uncertainty in measurement” — Propagation of distributions using a Monte Carlo method.
https://www.ptb.de, (2008), last access 05/2019.

JCGM Auswertung von Messdaten — Eine Einfiihrung zum “Leitfaden zur Angabe der
Unsicherheit beim Messen” und zu den dazugehorigen Dokumenten. https://www.ptb.de,
(2009), letzter Zugriff 05/2019.

Steinle, A., Bachmann, H., Tillmann, M.: Bauen mit Betonfertigteilen im Hochbau. 3rd
Edition, Ernst W. 4+ Sohn Verlag (2018).


https://www.ptb.de
https://www.ptb.de

	First Step Towards the Technical Quality Concept for Integrative Computational Design and Construction
	1 Introduction
	2 General Quality Terms and Models
	2.1 Overview of Technical Quality Models
	2.2 Quality Characteristics and Parameters
	2.3 Tolerance Correctness

	3 Technical Quality Model Within the Framework of IntCDC
	3.1 Technical Quality Concept for IntCDC
	3.2 Exemplary Quality Characteristics and Parameters
	3.3 Condensed Parameters and Primary Parameters

	4 Quality Propagation Possibilities
	4.1 Accuracy and Correctness Propagation
	4.2 Quality Propagation for Measurements
	4.3 Quality Propagation for Tolerances

	5 Conclusion and Outlook
	References




