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1. INTRODUCTION 

A design team composed of architects, structural 
engineers, HVAC specialists, and electrical engineers has 
been having difficulty with communication while working 
on architectural projects. 

The lack of communication has caused designs to be lack 
the ability to meet the performance requirements, cost, and 
constructability. 

The reason why these problems occur is the result of 
design not responding to design changes. This is caused by 
various factors from the initial design through the 
construction phase. Therefore, the problems (such as low 
quality, etc.) happen because of disagreements between 
multi-disciplinary drawings. 

This research proposes the establishment method of 
decision support model for optimization of a design plan 
through smooth communication among the multi-
disciplinary design participants and a cooperative decision 
making process. 

And the scope of research is limited to a Negotiation 
Phase of the Pre-final Design Step, in which design 
participants modify the basic design plan through 
negotiation. 

 
2. DECISION MAKING IN DESIGN STEP 

Architects play an important role in design and 
construction phase. Exceptionally in design and construction 
phase for the public building and plant construction, 

however, engineers and related experts play an important 
role. 

In the past construction environment, architects played a 
role as a conductor of orchestra. But the decision-making in 
design step of the recent construction projects has been 
executed by the project manager, architects and engineers. 
And it is not recognized as architect’s individual role any 
more. 

In this section, the theories on the problem of decision 
making, cooperative design, and decision-making process in 
design step were considered, and then the method 
establishing cooperative decision making support model for 
improving decision-making process was presented. 
 
2.1 The methods of decision making in Design Work 
Types 

The major decision making process in design step have 
been related to work types of design companies. 

Gray (2001) and Hughes (2001) classified design work 
into four work types. These work types are classified by how 
they are balanced between forms and functions. 

At this time, the form is related to style and the function 
to engineering, and the decision making method in design 
progress is upon what is important in progress. 

Table 1 compares decision-making methods by design 
work types. 

These four types of design work are all for ordinary 
architectural design work. The “Cooperative design work 
type” is the most proper work type for construction project 
which is a large scale of complexity and variety. 
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Table 1. Comparison on decision making methods by 
design work types 

 
WORK TYPE CONTENTS 

Independent 
Type 

- Architectural designers carry out the whole 
process of design step in person. 
- Suitable to small scale projects 

Function 
separated 

Type 

- Divide the design work into functions and 
forms, and organize the design team by 
charge of work, and integrate the designs  
between work areas before final design step  
- Suitable to simple projects 

Dominated 
Type 

- Architectural design team manages the 
whole design work, and engineering design 
team assists the former team’s work. 
- Be possible to make troubles among multi-
disciplinary design teams 
- Engineering design team is subordinate to 
architectural design team. 

Cooperative 
Type 

- Multi-disciplinary design teams carry out 
design work through teamwork and  
cooperative system. 
- The technical problem from design process 
is possible to be solved effectively. 

 
2.2 The approaches on decision making with design 
participants 

The method on examination for architectural plan and 
decision making are classified into ‘Intuitive approach’ and 
‘Systematic approach’. Each description of approach method 
is as following.  

 
(1) Intuitive approach 

In general, the intuitive approach is that the design team 
leader has a monopoly of the design information. Therefore 
it caused a lack of communication among design teams. And, 
it has a strong possibility to cause design errors to happen. 
On the other hand, it has merit; process of decision making 
is very quick. Most of the Design Companies except several 
large ones execute design work with intuitive approach. 
(Figure 1) 
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Figure 1. Intuitive approach 

(2) Systematic approach 
 Systematic approach is that the design process could be 

operated systematically and decision making process be 
presented clearly in Design Step. 

And systematic approach is that all design participants can 
sympathize with each other, and reduce design errors and 
changes which happened in design progress. (Figure 2) 
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Figure 2. Systematic approach 
 
 
2.3 Cooperative decision making problems 

Generally, decision making process in design step should 
coincide with design process. But the responsibility and 
authority of participants and their scope of decision making 
are not clear because multi-disciplinary experts participate in 
construction project. As a result, the delay of work and 
evasion of responsibility could be generated. 

And the authority of decision making is concentrated to 
the owner, so the rest of them don’t just decide the important 
decision factors. As a result, the following steps can be 
delayed. In order to solve such problem, all participants 
should regard engineer as identical role with designer rather 
than assistant role in design progress. And they recognize the 
engineering to be related with the design identically from 
initial design step.  

The result of interviews with field managers about the 
problems in design drawing found in construction step 
shows that many problems were caused by mistake of 
architects (design error, omission, discordance etc.) and the 
lack of communication among the participants on the 
constructability. And the investigation shows that these 
problems are rectified through redesign in construction step.  

We investigated the drawings made by S Construction 
Company in Asia. Most of problems in drawings are as 
following: 1) Design error (32.7%), 2) omission (28%), 3) 
discordance (14%), and 4) the lack of constructability 
(11.2%). 

Especially, in case of the design error, omission and 
discordance, we analyzed that such cases included various 
problems caused by the lack of communication among 
multi-disciplinary design teams.  

Such problem happened in drawings can induce quality 
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deterioration caused by design change and defective 
construction. 

Therefore the design team should secure design quality 
through communication among multi-disciplinary design 
teams. 

 
2.4 Improvement of 
cooperative decision making 
process  

It is important that 
architectural designer 
communicate requirement of 
owner to collaborating teams 
in design step. The designer 
exactly reflects the 
requirement of owner, and 
systematically communicates 
with multi-disciplinary design 
teams. And the information 
support system which includes 
building performance, cost, 
and constructability is necessary for decision making in 
design process.  

Especially, it is necessary to establish the definite 
standards reflecting the performance requirement, quality, 
budget, and constructability. Exactly detailed design guides 
should be supplied, which decide the property of space 
element of building, and the system of communication and 
decision making among 
multi-disciplinary design 
teams should be built.  
Design guides for 
cooperative design teams 
should be built based on the 
requirements of owner, and 
the cooperative decision 
support system (model) 
should be also as well. 

 
3. ESTABLISHMENT 
METHOD OF 
COOPERATIVE 
DECISION SUPPORT 
MODEL 

In this section, it describes 
the method of building a 
cooperative decision support 
system (model). The method 
of establishing the model is 
as following. 

First, we analyze the 
geometrical information of drawing based on BSI theory [2], 
and then the multi-disciplinary participants of decision 
making in design step through analyzed interrelationship 
between UNIFORMAT II and CSI MASTERSPEC. 

We propose the creation method of design plan for 
optimized building system satisfying with performance 
requirement, cost and constructability through creation and 
evaluation of design alternative plans according to 

cooperative decision making process. The concept of 
decision support model of this research is as following 
figure 3. 

 

Figure 3. Concept of cooperative decision support model 
 
 

3.1 Analysis method of Multi-disciplinary participants 
In this research, we applied building code of 

UNIFORMAT II and classification of CSI MASTERSPEC. 
(figure 4) 
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possible to represent by building code.  
The building codes of UNIFORMAT II have some 

interrelationship with CSI MASTERSPEC. For instance, 
‘B1020 Roof Construction’ in figure 4 has interrelationship 
with ‘Concrete, Metal, Wood/Plastic’ in CSI MASTERSPEC. 

A case of such interrelationship is as following figure 5. 
(Chapter B5, Design and Construction Management, 
“Architects Handbook of Professional Practice (Washington, 
DC: American Institute of Architects, 1984)”, p6) [4] 

 

Figure 5. Example for relation between building system 
and work item 

 
 

When analyzing the each paragraph of CSI 
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3.2 Creation and evaluation of design plans according to 
building system 
The building method of cooperative decision support model 
in design step is as following. 

 
[Step 1] Classification of building system 
 Classify the composition types of building elements 

through analysis of building types and space. (Figure 6) 
 

Figure 6. Classification system of project 
 
 
[Step 2] Analysis of building system 
 Analyze the composition of building system through 

application of BSI theory [2], and make out building system 
model for unit element and whole building. 

 
[Step 3] Selection of cooperative decision making subject 

Select the design subject Space – Building Element for 
cooperative decision making, and analyze the system 
information by building element. Design subject Space – 
Building Element should be corresponded with following:  

1) The Space – Building Element which needs multi-
disciplinary decision making. 

2) The Space – Building Element which has many 
problems in design before. 

3) The Space – Building Element which is possible to 
improve performance and cut down cost. 

 
[Step 4] Creation of design restriction 
 In this step, reflect the design condition of subject 

building and owner’s requirement, and decide the grade of 
performance and cost for subject. And evaluate the building 
systems which compose building element through various 
restrictions depending on design condition and evaluation 
criteria of physical performance and cost.  

 
[Step 5] Decision making by multi-disciplinary design 

teams 

 The multi-disciplinary decision making process, 
proposed in this research make the progress in decision 
making for building element belong to some space. The 
alternative plan which is made out through the decision 
making process is classified by following two types. 

Alternative plans > 1: evaluation between alternative 
plans 

Alternative plan ≤ 1: evaluation between original plan and 
alternative plan 

 
Multi-disciplinary decision making process and creation 

of alternative plans are as following. 
(1) Creation of performance restriction: 
 Create the minimum criterion of performance 

requirement for a pertinent building element. 
(2) Classify the performance evaluation items by building 

elements: 
 The performance requirement is classified as following. 

The performance evaluation items are corresponding to KS 
F 1010. (Table 3) 

 
Table 3. Example of building performance mandate for 

evaluation of building element 

 

Load Permanence Safety of residencePerformance mandate

building element L1 L2 E1 E2 R1 R2 

living room (F) (F)  (F) (F) (P) 

bed room (F) (F)  (F) (F) (P) 

bathroom (F)   (F) (F) (F) 

stair  (F) (F) (F) (F) (P) 

Floor

balcony    (F)   

Performance mandate: 

L1- resist against impact, L2- resist of concentrated compressive strength,

E1- resistance of abrade, E2- resist against separation inflation of floor 

R1- the slide of floor, R2- elasticity of floor 

※ (F) : performance examination for finish material 

(P) : performance examination for whole building element 

 
(3) Weighting the performance evaluation items based on 

Importance evaluation. 
 Performance requirement should be reflected in 

evaluation process through considerate property of pertinent 
building element. Thus, it is crucial to decide the importance 
ranking of performance evaluation items. (Figure 7) 
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Figure 7. the method of computation of importance 
weight for performance valuation item 

 
 

(4) Examination and Evaluation of performance about 
basic design plan: 

  Performance Criterion which is established by district 
conversion into performance index is applied to evaluate 
satisfaction grade for basic design plan. (Table 4). 

 
Table 4. Example of performance index 

 

Component of building 

element 

 (thickness) 

Heat flow 

ratio 

(K) 

Heat flow 

resistance 

(R) 

Moisture 

proof 

Exterior water-paint  0.055  

mortar  (24) 1.200 0.020 303.000 

1B brick (200) 0.840 0.238 333.000 

0.5B brick (100) 0.840 0.119 333.000 

Urea Formaldehyde Form 

Insulation (40) 
0.032 1.250 558.700 

 
(5) Creation of alternative plan by multi-disciplinary: 
 In the case of performance evaluation result for basic 

design being deficient of criterion, and design subject space 
– building element not being enough to reflect the technical 
requirement of pertinent sphere, make out alternative plan. 

 
[Step 6] Evaluation of alternative plan: 
 Evaluate the performance, cost and constructability 

about alternative plan made out by architects and structural, 
mechanical, and electrical engineers. 

 
[Step 7] Selection of optimized plan: 
 The optimum design alternative plan which is generated 

by the progress of the above 6 steps is reevaluated with 

specified space and floor 
synthetically. Such re-
evaluation progress is a 
process of interaction which 
balances between optimum 
design alternative plan and 
whole design. So to speak, 
establish the district of 
duration and cost by specified 
space and floor, and evaluate 
that each optimum plan for 
building element is satisfied 
by such district according to 
I.P modeling. 

 
4. CONCLUSION 

This paper presented the 
method to establish the 
decision support model for the 

cooperative design in order to provide improved design 
coordination and optimize the building system. 

1) We analyze the geometrical information of drawing 
based on BSI theory, and then the multi-disciplinary 
participants of decision making in design step 
through analyzed interrelationship between 
UNIFORMAT II and CSI MASTERSPEC. 

2) We propose the creation method of design plan for 
optimized building system satisfying the 
performance requirement, cost and constructability 
through creation and evaluation of design alternative 
plans. 

This paper is a conceptual research for cooperative 
decision making in negotiation phase of pre-final design step. 
Furthermore, it needs a continuous data collection analysis 
and study of criterion and valuation method of performance 
for decision making and selecting the optimum plan from 
present. Moreover, the verification of presented model 
through case study is needed, as well as the practical 
proposal according to computerization. 

  
REFERENCES 

[1] D. Veeramani, "Computer-integrated Collaborative 

Design and Operation in the Construction industry”, 

Automation in Construction, 1998. 

[2] Richard D. Rush, "The Building Systems Integration 

Handbook", 1985. 

[3] Traek Hegazy, "Improving Design Coordination for 

Building Projects", Journal of Construction Engineering 

and Management, 2001. 

[4] The American Institute of Architects, "Chapter B5, 

Design and Construction Management”, Architects 

Handbook of Professional Practice (Washington, DC: 

American Institute of Architects, 1984) 

Analysis the building system 
information for building element

Analysis the performance valuation 
item by building element

A3

A2

A1 A4

[Classification of performance valuation item by multi-disciplinary]

Performance valuation item

BE

Analysis participant of 
decision making

[comparisons each other for performance valuation item]

[Computation of importance weight for performance valuation item]

∑
=

=
n

j
jY

1
maxλ ∑

=

=
n

i
i

i

j
j X

w
w

Y
1

1
max

−
−

=
n

nλ
Consistency Index(C.I.) 

eConsistencRandom
IC

_
..

=Consistency Index(C.I.) 

[Valuation of consistancy]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


