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5. SUMMARY

1) I Title

Development of Construction Technology for Spatial Structures

- Structural system development and analysis on the construction cost

— Development of nonlinear analysis and structural design technology

— Development of Construction and environmentally sustainable  desizgn
technology

— Research on applicable practical use of technolozy

z) I Purpose and necessity of research and

development

B Structural system development and analysis on the construction cost
It iz essential task for our nation to develop new advanced construction
technology for spatial structures to accurmlate our own advanced technology
and this kind of E&D is necessarily required for us to be a advanced country in
thiz field near future. The confinuous development on the new construction
technologies of spatial structures is also recquired to create new jobs and
internationally competitive high—cuality human resources in the field of spatial
structure industry in Korea,
Joints are most important parts of spatial structures system. Since spatial
structures systems are large structure, there are many import joints and
therefor we want to make a solution that treat structural and constructural
problem. Rigidity and ductility structures have wvery different joint. Rigidity
structure type’'s joint force effect, ductility structure type’s cable joint chanse
problem, membrane welding and details are corporate closed technique,
therefore we need to improve technical level using established database.
Economic analysis is  divided by construction cost and  project  cost,
Construction cost i divided by structural cost and service cost. Service cost is
inchide variety equipment. Economic analysis of this area are very difficult and
complicated, so we want to suggest most resonable way to working level

design/construction/maintain through this research.

B [Development of Construction and environmertally sustainable desizn

technologw
In order to construct a building  with super large spans, it is acutely

necessary to reduce the weight of materials and to develop adequate structural



systerns as well as design/construction methods, The key to the practical use
of environmnent  friendly spatial buldings is the developrment and application of
essential techrologies (construction, rmaterial, air conditioning and heating
facilities, wind environment, acoustical environment, etc) With these

technologies, we may get ready for domestic demnands for spatial buildings,

B FEeszearch on applicable practical use of technolozy

At part 4, the purpose of research is to make practicable use of technology,
The desizn standard or guideline for spatial structures as membrane, cable,
ETFE and retractable structures are developed. The prepared guidelines
referred to international standards of Japan, China, America etc., and are
admusted to the domestic actual condition. The research outcome wall zet the
official recognition by relation association and relation agency, and then these
could be applied directly in the actual structure plan.

In the maintenance aspect, vwe aitn at studyving all the contents essential for a
plan to put a spatial structure  to practical use, and  developing  the
watertightness of large deformation and the preparation of specification as a

core technology,

Along with the following purposes:
— Establishment of the maintenance technology of a 200M spatial structure,

— Establishment of the damage detection system using an unmanned robot,

— Development of a cutting—edze measuring method using an optical fiber sensor
and development of a permanent tensile force measuring system of a
beam—structure, in order for the health monitoring of a beam-—structure,

— Development of the maintenance technology zguidelines for a super-large

beam—structure and an alr beam structure,

— Preparation of watertizhtness guidelines for the large deformation of a
super—large bearn—structure,

- Establishment of an unmanned, integrated health monitoring svstem of a
spatial structure,

- Werification of a systemn through Pilot Project health monitoring,

arrd, in order to wverify the feasikility of a 200M-span space construction
technology  and the practical use of core  technologies applied to the

construction, we built a 300 span Pilot Project on the scale of 1 to 10 at Keorea



54

University of Techrology and Education in Cheonan, and tried to secwre a
construction technology for a spatial structure based on owr experiences in

ENgaging in projects,

B A, Technology

B Structural system development and analysis on the construction cost

— The choice of rational structure system becomes possible as spatial structure
svstem iz analvzed and organized systematically,

— The independence of desizgn optimization technology of spatial structure
system become possible,

— Standardization of related desizgn technology and accurmlation of quantitative
data are accomplished.

= If structure system is decided, because effect that zet lavout and construction

1z immense, accummlation of technology about suitable system of spatial

structure 1s essential, Design ability and development of construction ability for

spatial construction are thousht by development that mimerical analvsiz and

development of program field are worth doing is expected.

— Structure system are wvarlous to stabilize construction according to special

cquality, and way to control flowing of force. If structure system is decided,

because effect that design and construction iz immense, accurmmilation of

technology about spatial structure is essential

— special comnection's examination of spatial structure system is point research

field comnected with spatial structure systems. But, domestic research is less

— Independence of technology that welded connection DB construction and

special connection is base to secure high—cuality technology and improve

outside technology competitive power,

— ZSpecific data and research about proper construction cost assessment and

choice of efficient structure swstem may become reference data for plan of

construction between king post more than 300m, design, construction at early

design step of spatial structures

B Development of nonlinear analysis and structwral design technigues

- Structure system are varlous to stabilize construction according to special
quality, and way to control flowing of force. If structure system is decided,
because effect that design and construction is immense, accurmlation of
technology about spatial structure is essential,

— Developed new form—finding algorithm for tensegrity and cable—strut structure,



Alzo inelastic nonlinear analysis of cable—strut structure iz presemted for
varlous configuration,

It has excellent mechanical properties in that a shell structure can transmit
forces using in—plane stress only, But it passes from a stable to unstable
state, however, or from an unstable to stable state, at a specific critical load,
=0 we must understand that there iz a buckling process or collapse
mechanism due to this unstable phenomena.

The structural desizgn ability for large scale structure needs rmmch higher level
of technology and know-how than other structural design because design
method for large scale structure has much different method of desizn in
accordance with the characteristics of structural system to form large space.
Therefore, development of desizn and construction ability for such a structure
can be realized by development of numerical method and programming and
largely affect to other technological analyses and simmlation fields,

“hell structure that iz a structure to be able to transfer the force by a form
of surface internal force has a very superior mechanical features and changes
itz condition from stable to unstable in a load or from unstable to stable so
that it needs to recognize the fracture mechanism due to an unstable
phenomenon. The development of technology to resolve this unstable issue of
shell structural system iz essentially needed,

Due to the cuantitized guideline for ewvaluating larse scale  structure
domestically, the ewvaluation index for dynamic response is needed and it is
needed to provide efficient control system for large scale structure by
evaluating the control performance in the 3 dimensional dynamic analwsis in
accordance with control elements. This will help to prevent a damazge by the

dyvnamic load and extent the life of structure,

According to the grasp structural stability of unique and  the deformed shape
inn the form of the spatial structure is an important factor to ke considered in
design, Thus, the spatial structural seismmic behavior characteristics b type
of research the analysis of the spatial structures of seismic consideration in
determining the form is necessary to arrange an important hnowledge base
Seismic design of structures for seismic loads directly in infrastructure, only
to receive an increase in stiffness and strength will affect the dyvnamic
behavior in the wper part of the structure Therefore, tmore rational and
economical structural design is required through seismic analysis that is
considered the influsnce of interaction between roof structwe and lower

structure as columnn and wall
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— Selsmic responses of roof structures of large spatial structures are very larze
compared to  general building  structures. Because of thiz  structural
characteristic, wibration control systems for general building structures are
limitedly applied to spatial strictures. So, the introduction of selsmic isolation
and strmctural control systems iz recquired for improved earthequake-resistant
performance.

B [Development of Construction and environmertally sustainable desizn
technologw

- Develop and implement wirtual models for structure erection methods

— Develop structure erection methods and make programs and manauls for
selecting optimal erection methods

— Technical integrating of domestic building industry improvement and
international competitive power rising

— It iz important to develop construction guldelines or criterla about spatial
structures for constructors in order to manage structures systematically,

— In case of long-span spatial structures, wind tunnel experiment i1s essential for
evaluating the impact of the wind accurately,

— Ta secure architectural acoustic design technology for large span spaces

— Ta secure electro—acoustic design technology for laree span spaces

— Ta secure acoustic computer simulation technology for large span spaces

— Tao szecure evaluation technology for acoustic performance in large span

spaces

B FEeszearch on applicable practical use of technolozy

- Standards of membrane structures, cable structures and Design Guideline of
ETFE and retractable structures to maintain good ¢uality building for Spatial
Structures

— Safety improvement of spatial structural system improved safety by desizn
and construction guidelines

= In order to werify the feasibility of each unit technology for a spatial
structure, in order to secure reliability, and in order to obtain relewvant
additional application technologies, it iz necessary to design and produce a
Filat Project which has the high likelihood of the feasibility,

— Given the current domestic foundation technologies, it is too early to
introduce some core technologies such as a retractable roof system applied to
a spatial structure and tensioning air beam system., Therefore, it is necessary
to use the Pilot Project aforementioned in order to establish core
technologies by securing a desizn technology in the process of producing an

actual structure and reviewing the quantitative and dqualitative application,



— When accumulating the design and construction technologies applied to a
spatial structure through the production of Filot Project, we can contribute to

localize and advance domestically developed foundation technologies.

L}) B. Economy and Industry

B Structural system development and analysis on the construction cost

- Keep away diversion of aboard company by independence technicques of
spatial structures depending on outside the country four present and need
expense reduce can also by domestic technology with preservation manage
and get cost—cutting effect can |

- It iz technicques effective propriety analysizs of large construction, project
building expense supply way, to presentation for practical use way (various
events and in reply profit model production) and new industry appearance
{ves, room skiing ground etc..) class of various form.

— Can prevent domestic market encroachment by advanced technolozy
beforehand, and offer an opportunity of accurmmlation of technology in
domestic building company. Can be connected by competitive power security
in oversea market by accurmlative technology,

—  Present technique of spatial structures construction are depend on foreing
country about 30~40%., This research will save dependernt technicque cost,

— Improve foreign market competitiveness through accurmmlated technique,

— Expansion of construction market through the improve approach possibility to
the spatial structure,

— Sugzgest large structure constriction wvalidity, raise project funds and larze

structure utilization method,

— Pioneer a new construction industry market

B Development of nonlinear analysis and structwral design technigues

The technology of the shape finding process where the structural analwsis
certainly regquires iz localized, The technology of the shape finding process
can contribute to the industrial growth of the related industry by securing the
domestic technicque in the industrial field this software,

— Although the space frame structure has the advantaze of lzght weight and hizh
stiffness, it iz obvious that an instability phenomenon at a specific critical load
can occur, Due to this factor, the space frame sturcture must be prevented
the structure instability phenomenon of being difficult to predict throuszh the
structure improving the stability of this structural svstem. In addition, the
structure mechanism wverifving which is understanding of instability behavior
can be used to more economic desizn,

— Hard structures as the reinforced concrete or the steel structure zenerally
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being used iz necessary the member section possessing the suitable stiffness
in order to resist in the bending moment. On other hand, the cable—strut
structure 1s made of the compression and tensionng element without a
moment, Therefore it can expect the cost reduction effect because the cable
— sgtrut structure optimizes the cross section and can reduce the mass at the
same time,

The specal structure has a tendency to be large scale and helps the
activation of domestic construction market and growth of emplovment because
it uses wvarlety technology and material, Furthermore, the market for larze
scale structure market is forming in the Southern—-East Asia and China so that
we need to prepare exporting our technology by acoumulating the value added
structural design technology,

Domestically, an actual example which is able to be applied on the desizgn and
validation of analytic results becausze there rarely iz the example of dynamic
experiment for large scale structure, Thus, it needs to establish the database
to improve the independence of technology which iz related with large scale
structure design by collecting the fundamental data that is recquired in the
related experiment and design using the minimized shaking table experiment.
Among large scale structure, special frame structure, a rigid discrete—time
swstem iz a structural system that is economic and has high strensgth, Through
the improvement of structural stability such a system, it is possible to desizn
by the charged personnel with the effect of prevention of unexpected
unstability and to expect the cost saving effect in the field of large scale

structure.

Taking into account the spatial structural peculiarities of the structure
selsmic design technigques when designing the structure, induced by applying
a more rational design and take the appropriate structure through the
cost—effective design of quantities are required,

Seismic design of spatial structures and structural design techniques for the
simmulation, by obtaining, associated with the structural design of the current
spatial structire can improve the independence of domestic technology, In
addition, the numnber of foreign technology due to minimized waste too much
foreign cwrrency can be spent to reduce costs,

Seismic intensity in the member of ways to increase the initial construction
iz costly, On the other hand, by increasing the plastic behavior of ductile

how to use, but the structures to prevent collapse of the maintenance and



reinforcement  are  also  difficult to repsir due to the destruction of
non-structural material iz costly, Therefore, Vikration response control
systemns for spatial structures can contribute to obtaining patents of related

technologies and technology profits tlhrough acguisition of new technologies,

B [Development of Construction and environmertally sustainable desizn
technologw

— Study the characteristics and mechanical properties of new fabrics necessary
for the construction of spatial structures, provide domestic construction
companies with opportunities to accumulate technologies through testing the
tension of cable materials, and reinforce competitiveness in overseas markets
through more stable spatial structure technologies.

— Expectation of the domestic ripple effect by expanding international
construction market

— It iz needed to reduce construction costs, term of works and to have
construction safety by developing construction management technology since
the demand of spatial structure constructions will be increase.

- Secure accurate aerodynamic safety

— Tao reduce expenses for acoustic consulting from overseas

- Tao cultivate professional human resources for acoustics

— To bring up industries relevant to architectural acoustics and electro—acoustics

B FEeszearch on applicable practical use of technolozy

— Substitution the technologies from abroad to developed one

— The realization of value—added technologv—intensive desizn technology by
through the utilization zguidelines

- Provide the chance of technical accumulation to the domestic constructive
enterprize and raise the competitive power to overseas market

— Domestically developed foundation technologies are not advanced enough to
desizn a spatial structure like a tensile structure reflecting complicated core
technologies that en considerable amount of design cost occurs, Accordingly,
through the preparation of SD report of a 300M span Pilot Project, it is
necessary to establish a design process, which can become zuidelines for a
spatial structure,

— The process of introducing overseas core technologies applied to a spatial

structure due to the lack of relevant domestic technologies iz considerably
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inefficient in an economic way, Accordingly, it 1s necessary to localize the
core technologies and reduce cost by producing an actual Pilot Praoject.

— In order to werify the feasibility of the applied core technologies after the
completion of construction, and in order to allow relevant persons to easily
apply the core technologies to many future spatial structures, it iz reguired to
establish a database.

— Bw building HRD promotion exhibition at Korea University of Technology and
Education, which i1z an actual 20M span Pilot Project, we try to use the
building as an esxhibition of the university,

3



4) I Contents and scope of research and

development

7ty A, 1% year
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(2)
Erf_ (3) Content
s of

(1P ::12 researc (1) Detailed promotion plan)
art o h and and method

asg develop

en ment

cy

{2) — Historic ancient temple of

spatial strictures.

(90 — Structure svsterm and

svstematic classification of
structure form .
Development of (10} — Retractable type classification
®) structure svstem of reorganization structure .
-1 and research of (11} = Collection of retractable
) characteristic structures examples and
analwsis, characteristic of spatial
structures.

(12) — Special quality grasping which
follow structure form spatial
structures and retractable form of
roof |

(14) — Ball joint detailed documents

investization

(15) = A local behavior prediction

B)1 through non—linear FEM analvsis
A ball joirt (18) — Take the influencail element
connection through non—linear FEM analvsis
behavior (17} = The most suitable fizure

(13) characteristic development throuzh variable
= searching analysis
examination and | {1%2) — The structural behavior
detalled searching examination of the
suggestion joint throush a miniature
structure performance
experiment

(19) — A ball joint desizn type and

detalled sugzestion

(21) — Cost of construction

An economy characteristic analysiz and
0] analysiz study comparizon according to each
-3 according to the structure system

structure swstem

(22) — Space structure Data Base

constriction
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(24]
Erf_ (25) Conte
ma nts of
(23) P o c resear (26) Detailed promotion plan)
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en pment
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-1 Analysiz Model about Space Frame
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; o Davalopment of Analysis Model about Shell
Uni Large Span Structures
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@0) structural Survey of structural unstable featurs
=5 stability per load and beoundary condition of
=1) characteristic of shell
oD 2 Tl}g large scale Survey of sensitivity featre per
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Survaey of application of unstable
design in the shell structurs
Saismic btehavior characteristics
@2) according to the macroscopic shape
-4 by spatial structural
Earthquake o . .
33) beha Seismic behavior charactaristics
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m Saismic btehavior characteristics
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¥er by 1 by spatial structural
. B
S;t B Saismic btehavior characteristics
¥

dccording to the shape by spatal
structural




(35]

Erf_ (36) Conte
nts of
(34) P ::12 resear (37) Detailed promotion plan)
art o ch and and method
Y I
en
Cy
(41) - Survey representative methods
for the erection of ordinary
structures
(42) = Survey methods for the
erection of spatial structures in
39} Korea and foreign countries
(_420] (43) — Analyze methods for the
Do erection of structures by
osa structure system
n Develop methods | (44) — Analyze the characteristics,
Ind for the erection advantages and disadvantazges of
:;tl of spatial structure erection methods
De structures (45} - Design and implement 3 types
vel of model
op (48) — Analyze construction period
::1‘: (47) — Analyze economic efficiency
Ca) (48) - Analyze workability
(49) — Develop efficlent structure
38) 3 erection methods and develop a
program for selecting optimal
construction methods
(50} - Make mamals
Survey and - Beviaw mlevant literaturs
analrza wind - Analyaze the wind swibration
bahavior charactaristic of membrane strucnires
charactaristic including unsafe wikration characteristic
dccording to the - Dwevelop methods for analyzing tha
form of spatial natural frequency and damping factor
34 SIruCtIres of membrane structurss
(Chonbuk - Establishing ewvaliation medels for
Nadonal
University) choosing wariable acoustic control

Dasvelopment of
dcoustic desidn
tachnaology for

larde span spaces

methods

- IMaking ewvaluation tnodels

- Subjective and objective evaluation
of maodels

- Drawing out optitnutn dcoustic

design mathods
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(b1) P

(53) Conte
nts of
resear
ch and
devwelo
pment

(54) Detailed promotion plan)
and method

tio

for

ati
a l
Str

Analysis on
desizgn code for
large spatial

structures

— Analysiz of the large spatial

— Analysiz of the large spatial

structures for Japan and China

structures for Europe and
54 —related code

(®5) 4

olo
8 ¥

Ed

tio

Dasvelopment of
nstrutrentation
contral
systam-tased
tachnalodsy

Establishiment of process of each
itamn acceording to type of
instrumantation

Establishment of measurement
procass according te instrumentation
S¥ELat,

Establishment of structure abnormal
behavior detection process
Davelopment of structure stabilitsy
analysis tmethed

Application te practical affairs and
test measurament

(60)

1)
Cs
Str
uct
ura

En

gin

Filat Project 1
Froposal of
structural desizn
procedure of

spatial structure

- Dasign of Filot Project

Credte structural design procedurea of
spatial structira
Credte evaluation index of spatial

structure
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2)
erf
o (3) Content
ma 5 of
(1P o c researc (1) Detailed promotion plan)
art o h and and method
a develop
< ment
en
cy
Investization of application for
modeling spatial structure system
Svstematic classification for
Development of modeling step by step spatial
sturucture structure swstem
&) svstem's Suggest a modeling methaod
-1 modelding according to structure system and
) inclusion of structural material
retractable Existing optitization techmiques and
structures application analysis
Sugzest direction of optimizaion
technique for modeling stricture
system
The investization of welding joint
&) 1 details documents
L Mon-linear FEM analwsis of the
A welding joint . o
welding joint for the person
structure . \ . :
, derivation that iz a local behavior
&) behavior o ,
o prediction and influence
= characteristic and , , .
The stiffness evaluation of the joint
a hardness
. through a structure performance
evaluation study ,
eEpenment
A desizn type and the detailed
suggestion of the welding joint
Cost of construction characteristic
A standard model , ,
, analysiz according to each structure
Q) analwsis study q .
, system and comparison
-3 according to the

use and span

Spatial structural system Data Base

constriction
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Erf_ (12) Conte
nts of
(10) P ::12 resear {12) Detailed promotion plan)
art o ch and and method
e
en
Cy
Davelopment of Analysis IMeodel for
Space Truss and Space Fraimes
(15} Weonlinear Analysis by IModified Rils
-1 Develpment of Iiathod with Accelratad Aldorithm
(16} Feometric
Sej Honlinear Development and Analysis of
; n Analysis Method Iiaterial Weonlinear MModel
Uni for Discrete Davelopment and  Analysis of
ver Stiffness Inelastic MNonlinear IModal
sit Structures Davelopment of Dernamic Analssis
v) Aldaorithm
Davelopment of Analysis IMeodel for
Anisomropic Material Space Frame
survey the structural unstable data
and document for shell structure
Mon-linear dynamic ecquation and
an 2 , , static Formulation of shell structure
an Ztatic nonlinear Saf lreis aleorithm § ,
, g analysis algorithm for review
2 analysis and the static unstable for shell
(18} static stable
Tig feature of shell structure o
er) Development of initial unstable
structure ) )
model for the unicgque buckling mode
of shell structure
survey and analysis of static
structural unstable of shell structure
(19)
-2 Entar the support wikration -
20} Iiodeling Ground-space madsl for the
Ye tachniques STruCtura
un devraloped for Modeling of seistnic msponse of
iﬂ seistnic analysis intaracton
Uni ke spatial Equivalent static analysis can ba
?1_31‘ structural applied to the spatial structure of the
51t

¥)

madal
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(22]
Erf_ (23) Conte
nts of
210 P ::12 resear (24) Detailed promotion plan)
art o ch and and method
asg develo
en pment
Cy¥
26)
-2
([?70] (28) - Development of tension
osa Development of measuring methods
n tension (29) — Development of measurement
Ind rmeasuring and data management programs
ust (20) — Establishment of design
rial control . guidelines
De technologies for (31) — Establishment of tension
vel soft structures measuring methods and tension
;z measuring mahagement systems
nt
Ca)
" Study on spatial structures modeling
mathads
- [Case study on wind tunnel modals
of  waricus forms including fabrics and
cablas
m Study on wind tunnel test methods
for spatial structurs
- Imvestigation of wind tunnel test
methods by the type of spatial
@5) 3 Development of structurs
wind tunnel ; Estab].ilshman; of the dmathodls of
ata analysis afer wind mnnel tast
modsls and tast . Formusrlation of reduced models for
methods for . . L .
wibration charactaristic analsysis-
-4 spatial structures Selection of structural systams
(Chontuk vulnerabls to wibration
Natonal - Study on reduced medsl formulation
University)

methads for vibration characteristic
analysis

®» BFxparitnent on vikbration
characteristic and establishment of
analysis tmethods

- Study on reduced sikbration tmodsl
measuring methods

Dasvelopment of
i dooustic

meds uramant

tachnalodsy

" Salbction of a microphone input and
4 receiver

» Producing a receiver which talies
inputs from 4 receivers

® Writind a softwars for analysis and|



(33]

(34) Conte

nts of
32) P ma resear (35) Detailed promotion plan)
art ch and and method
develo
pment

- Domestic and international data
collectionfanalysis related to cable

cial * Development of structures

tio the desizn — Research of baszed technique desizn

n Cuideline guidelines for cable structures

for — Drawing up the desizgn standard and

ati explanation of cable structures

a l
Str
uct
ure
s)

(39)

(a0)
Ko

rea - Developtnent of nstrumentation
Uni .

svstam and packade techniqua b
(36) 4 ver| » Development of ¥ packad a ¥

. usind FBG sensor
g1t control 4

v . . - Dwvalopment of robot for inspecting
Instrumerntation

of damage and monitoring of membrane

T system
e \ . structure ke using BFID sensor
chn considering large

. - Calibration of instrumentation system
olo deformation

gy and pmparation of maintwenance guids

and ool
Ed

tio

(41)

4z}
CS

Str - Structural design of space
vet| = Pilot Project 2 gn ob sp

. frinae(singls laver doma)
ura sinzle Laver

1 - Experiment and analysis of sindls
Dome Structure

En laser dotne structurs

gin
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Err (3) Content
ma 5 of
(1P researc (1) Detailed promotion plan)
nc
art o h and and method
a develop
< ment
en
Cy¥
(2) — Investizgate the character of
reduced model experiment of
structure swstem
(90 — Analvze the application of
reduced model experiment
(103 = Classify a tyvpe of reduced
model experiment
scale model test
, {11} Formulate a reduced model
techniques and , ;
®) , o experimen
size/shape/optimi
-1 , , (12) = Analyze the structure system
D zation techniques ,
, of spatial structure and select a
of spacial
case structure
structure )
(12) — Suggest the sizefshape
optirnization formmlation
(14) — Verify the sizefshape
optimization for spatial structure
5) 1 svstem and suggest the
alternative structure system for
practical structure
(18) — The cable joint details and
structural model example
investization
(17) — Techrical partial supplement
The cable joint through an expert
as) system (18) —Joint svstem details design
P developtment that | (19) — FEM analvsis for the people

re—tension is

possible

derivation that iz a safety
prediction and influence

(200 — A behavior prediction through
a trial product model

(21) - System performance evaluation

through an experiment
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(23]
erf
o (24) Conte
ma nts of
(22) P o c resear (25) Detailed promotion plan)
art o ch and and method
asg devwelo
ment
en =
Cy¥
@7 - Development of modeling with
_1 ) )
tensesrity and undertension
28) Development of truct
. , structures,
Sej nonlinear . . .
on , , — Inelastic nonlinear analysis of
analwsis with , ,
g i tensesrity and undertension
Uni hvbrid-structure
structures,
ver s . . .
sit — Dwnamic analysis of tensegrity and
¥) undertension structures,
- Survey for dynamic instability of
o shell-typed structures
Characteristic of . .
29 D , — Dynamic formulation of EP shells
=5 vhatc ,
@26) 2 , . — Development of computational
20 instability for ; e d .
. program to examine dynamic
Tig|  Shell-Typed , .
er) instability
structures ) . C .
- Investigation of dynamic instability
of EF shells
(31}
(_?:-32] — A Research on Dome under the
Influence of Lower structure
Ye A Research on , ,
- — Experiment on shaking table for
Dome under the ,
gna the influence of lower structure on
Influence of ,
m L Struct spatial stricture,
; ower Structure , . .
Uni — Experiment for estimation of cable
ver
sit tension




o (35) Conte

ma nts of
(33) P o c resear (36) Detailed promotion plan)
art o ch and and method

asg devwelo

nt
on pme
Cy¥
(40} - Development of a framework
automation model

(?’28] (41) - Develop an erection

(39} Development of automation model

Do an automated (423 — Develop an autormated

o5a construction framework method

o tnethod (43) — Develop an automated erection

E&

0 method, and make and
demonstrate animations and
models

s Study on the law of similarity for b
uilding a wind tumnel experiment m
odel for wvarlous spatial structures
s Study on the law of similarity for b
Analysis of th uilding a windinduced wibration mo
similarity del for spatial structures
charactaristic of * Technologies for securing the stru
wind tunnael ctural performance of spatial struc
373 sxpariment In tures using solar panels
terms of material | - Cace study on spatial structures usi
and geomatry ng solar panels
3-4 - Detailed technologies for joining so
(Chonbuk lar panels and spatial structures
Matonal . . .
Unj?mrsity) - Technologies for applving sunlight

to parts of spatial structures

Development of
computer
simulation
technology for
the acoustics of
large span

spaces

- Dwevelopingd an alderithin swhich dasve
4 solution ot wawe esgquation ber
applying the FDTD tmethed

- Dweveloping boundary conditions
which enables acoustic simuladons of
cpened space

- Developing boundary conditions for
reflecdve surfaces with a certain
dbsorption coafficeints

- Dwevelopingd a calculation method for
an impluse response at a position in a
room
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(44) P

(46) Conte
nts of
resear
ch and
devwelo
pment

(47 Detailed promotion plan)
and method

tio
for

ati
a l
Str
uct
ure

s)

» Development of
the desizn
Guideline

- Domestic and international data
collectionfanalysis related to cable
structures

— Publish desizn guidelines for cable
structures

48) 4

61)
-2
62)
Ko
rea
Uni
ver

» Preparation of
membrane
structure building
repair technology
zuide (draft)

- Cahls tensicn measurement and
unmanted meonitoring technaolodsr

- Developtment of metmbrane material
detericration causes and diagdnosis
mathad

- Diagnesis of membrane detericration
performance dus to
nucleation/drowth

- Maembrane material diadnosis msults

and juddment criteria srerification

» Pilot Project 3
Tesioning Alr
Beam System]
(TABSTI )

- Structurdl desidn of Tesioning Air
Beam Swstarm

- MNonlinear analysis of Tesionind Alr
Beam Swstarm

— Exporitnent of Tesionind Air Beamm




21 D, 4™ year
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2)
f
Err (3) Content
ma 5 of
(1P o c researc (1) Detailed promotion plan)
art o h and and method
a develop
< ment
en
Cy¥
(71 — Topology optimmization
technique: comparative study
©) » Topology (2) — Suggest Material modes for the
1 optirization topology optimization technique
technmique (90 — Suggest the topology
optimization formulation
(10} - Case study and pilot projet
61
- Cwtitnization of the hydraulic
systams m-tensionind cabla
- Development of wireless-meonitoring
» Characteristic systams that check cable tension
an study according - Development of portabls hand pumps
P to the membrane | - Example analysis of the membrana

structure jolning

form

structurs joint

- Dwrnamic behavior characteristic
studsy of the membrane joint

- Application plan to re—tensicning
systam in Pilot project




s {3) Content

or

ma g of
(1) P Iresearc (1) Detailed promotion plan|
art : € h and and method

a develop

o i ment

Cy

{6)

—1 | = Inelast
1 nelastc - Modeling method of cable—strut

D nonlinear fruct
. , structures
Sej behavior o
on D — Form finding of cable—strut
characteristic
g structures

. study of , , ,
Un — Inelastic nonlinear analysiz of

ver cable—strut
. cable—strut structures
s1t structures
¥)
8 o L
9 — Survey for static instability in
q space frame structures
9. Smdy on the . . L
Se — Static FE equations considering
static instabilit . . .
my ¥ geometric nonlinearity
un charactaristics of L L .
— Characteristics of static instability
()2 8 space frame L .
Un in simple discrete models
ver SLrUCTUras — Characteristics of static instability
s1t for lattice domes
v)
(10] - Inwestigation of base and roof
(_131, saismic isolatdon mathad
1 - Application of passive tuned tnass
Yel« Developmant of _
un _ _ damper to spatial structurss
opy vibration control _ _ _
£na - Study on vibration centrol of passive

systam for spatial

m and semi-active control systetn

Um STructuras o

ver - Development of optimization method
sit about vikration control system for

¥ spatial structures
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(2)
f
Err {(3) Content
ma g of
KL P 0 c researc (1) Detailed promotion plan|
art o h and and method
a develop
& ment
en
C¥
m A Study on the similarity lawe of i
fnd  induced svibration mmodel in consi
deration of the material characteristd
¢ of spatial swuctares for application
to various shapes
(6) »  Faormulation of a roof material mod
—Z The d 1 " gl for spatial structures reflecting th
e developme
I(g ) £ th a wind induced swikbration characteri
¥ o 2 core
_— Fruct 1 stic through wind tunnel experitment,
constructiona
gD technology of the and development of an assessment
on B floxibl madal throudh wind tunnel exparimes
a0 exble
g
nt
Uni membrane
(%) — Developtent of the core
ver structures ,
git constructional technology for the
¥) soft flexble membrane structures
(97 — Production of the movie and the
[(5) 3 macuette for the erection method
(10} - Development of the Guidelines
for the construction of
membrane structures
® Application planning of the spatial
structure and stadium using
Davel : FYV(Photavaltaic) System
gvalopment of a
thod £ - Construction desidn analysis of
mathod for
o ind foreidn spatial stuctire using solar
34 gstitmating win
panal
(Chonbuk load according to Analrsis of 4 _
National shape - Analysis of dome structurm using
University) galar panel

- Design concept of domestic spatdal

structure using solar panel

Development of
control method

for PA systems

- Survey of applicable PA systems to

larde spah spdces

- Applicability and perfortnance of




in large span

spaces

P& swstems

- Subjectiva evaluation of PA svstems
and suddesting optitmum desidn
methads

HE)




(12]

(13) Conte

nts of
K1 Pp resear {14) Detailed promotion plan|
art ch and and method
develo
pment

so| = Development of
cla p — Drawing up of membrane structures
tio the design , ,
o design standard and explanation
Crideline
for

ati
a l
Str
uct
ure

s)

(15 4 (18)

(19) - Fulfilliment of membrane material
Eo tcleation test, fire tast

rea - Carrving out durability tast bafors
Um

. and after nuclbation tests, laving
wer| * FPreparation of

atnphasis on ETFE membrans

sit maintenance and |
. materia

¥ repair technology
of . - Waerification of material physical
Te guide (draft) of

propartins through obtainingd tensile
chn larzge space

strendth characteristics data of
olo structure
gy ETFE membrana material
and - Chtaining fire test results, data
Ed about fire retardancy and drawing
lu:a dara raeflactad in building,
i0




(20)

-3

@Y . Pilot Project 4

cCS o . - Experiment and mamerical analysis

St Tesioning Air
I of TABS(

uct Beam System I Construction d  of 301

ura (TABS Pllns Puc on document o span

ilot |t

1 I+ Structural b Traiee

En . , - Zchematic desidn of 3000 span Filot
; Design of Pilot

g1n Proi Fraject

eer roject

ing

)
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Erf_ (3) Content
ma 5 of
(1P o c researc (1) Detailed promotion plan)
art o h and and method
a develop
< ment
en
Cy¥
Morphozenesis (9 — Morphogenesis model:
(7 investization
techrigu| (107 — Structural optimization process
©) e for with morphozenesis and GA
1 spatial | £11) — Structural optirmization process
(83 with morphogenesis and
structur topology optimization
a 1| (123 — Morphogenesis associated with
system FDM
61
- Development of the cakls connection
Characteristic providing the initial tension

(13

study according to
types of the cable
strcture

connedion

- Charactaristic study accoerding to the
cable neft-structura

- Characteristic study accordind o
typas of the cable structure connection
- Charactaristic study accoerding to the
Membrana properties of different fibers
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(15]
erf
(16) Conte
0T
ma nts of
(14) P o c resear {17) Detailed promotion plan)
art o ch and and method
asg devwelo
ment
en =
Cy¥
agp
_ nelastic ,
1 , - Modeling method of cable—strut
20) nonlinear
Saj ) structures
2] behawior o
on o Form finding of cable—strut
characteristic
g fud ¢ structures
. study o . . .
Uni Inelastic nonlinear analysizs of
ver cable—strut
. cable—strut structures
sit structures
¥)
1) survey for Dynamic instability in
2 space frame structures
22 Study on the . . D
g Dwvnamic FE equations considering
e Drrnamic . . .
my _ N geometric nonlinearity
instabilitr . .
un Characteristics of Dynamic
charactaristics of , el . .
g & instability in simple discrete
i space fama
(s 2 Uni : models
Yer STIICTUrAS - .
sit Characteristics of Dynamic
) instability for lattice domes
Esraluation of wibration effects and
23] Esraluation of servicedbility for larde spatial
&34] Yibration Effacts structuras with the retractable roof
Ye for the retractabla Confidguration of the simart basa
un roof of Larde izsclatdon system for larde spatial
£Ta Spatial Structures structuras
31 . and Application of Dasvelopment of neure-fuzzy meodsl
ni
ver a4 hybrid smart and adaptive simart centrol aldorithim
sit kase isclatdon YWikration control performance and
¥ systatmn safety evaluation of hybrid smart

base isclation swstarn




o (27) Conte
nts of
(25) P ::12 resear (28) Detailed promotion plan)
art o ch and and method
e
en
Cy
(22) — Survey general materials of a
space frame
(223) — Analysis of a space frame
structure swvstem
30} (24) = Survey of constructability for
-2 space frames
EE Development of | (35) — Development of construction
un construction management technology for
gd manhazement space frame connections
on technology for (36) — Stability analysis of a space
& the rigid frame according to construction
E::_ structures state and construction condition
git of connections
¥) (27 — Survey and development of
erection method for space frame
(28) - Development of the
29 2 construction guidelines for space
frames
Easearch on  the wind  load
characteristic  of roof  materials
dccording to the open  close ratdo of
the sntrance door of spatial structires
for the application of warious shapes
BEesearch on
Seatyp of a wind pressum experimment
34 tachnolodies for o _
(Chonbulk reducing wind systam  for examining the internal
National Ihad on spatial pressurs | .and EIXtEIl‘IIIEl]. pressurs
University) structures through ch;iﬂ_ractarlsw:s. of spatial struc.turas
shaps optimization usind the wind tunnel experiment
tachnique, and development of an

avaluation model for swind tunnel
axparinant

" To tuild a didital media swstem for

larde span roof structures
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- Zasa study of digital media applied
at. home and akroad
- Analyses on 3D scanningd imada
procassing technolody and
relavant cases fit for larde span
roof swuctures
- Study on digital media hardwears
dppropriate for larde span roof

STructuras

Study on tha
gvaluation of
fnon-exponential

gound decasy

- Beviaw on previous approaches
including Bawesian methaod

- Establishing an ewvaluation medal
(computer simulation and physical
gcals maodel study)

- Listening experitnents

- Developing a weighting factor for
TII
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(11} Conte
0T
ma nts of
(39) P resear {12} Detailed promotion plan)
nc
art o ch and and method
asg devwelo
ment
en =
Cy¥
(a4}
-1
(a5}
Ko
rea
n
As — Publication of desizn standard and
50 explanation for membrane
cial * Development of struchures
tio the desizn . ) D
— Drawing up of desizn zuidelines
n Guideline
for for ETFE membrane panel
5p construction
ati
a l
Str
uct
ure
5)
(_423] - Developtnent of meal-time senseor
A7) measurament information
Ko visualization and sensor informmation
Tea Wirel manadement function
[ m ireless
a3) 4 Uni o - Developtment of senser measuretnent
ver MAOMmrTaring
it | and information statistics and historsy
matuial an
¥ d 1 t of search function and wisual alarm
evelopment o
of mmaduls
T waterproof and
e - Developtnent of Arde space hbuilding
chn ter leak
water leakage
olo H soundness manadement PDA
prevention _
gy technology interface
and - Providing larde space bailding
Ed maintenance intedration function
:__]Fa throudh unmanted manddament
i0
o) S¥STat
(48}
-3
gg] - Experiment of retractable panel
Str » Pilot Project & - Experiment of srection meathod
uct Exzperiment of - Canstruction of 300 span Pilot
ura Retractable Panel| Project and werification of component
1 + Construction of

tachnalodsy
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(2)
Erf_ (3) Content
s of
(1P ::12 researc (1) Detailed promotion plan)
art o h and and method
asg develop
en ment
cy
4y - Morphogenesis
associated with FDM
Optimal shape Rl
and integrated {9) — Study for optimal shape
(—Bl} desizn autozeneration method
D optirdzation for (10 - Optirmal shape
spatial structure generation method using
svstem ACO model
(11} =  Integrated desizgn
optimization method
61
- Initial strain cable joint performance
and the eptitnizatden of the ameount of
medicing for usade and 4 practical use
Cable tension studsy
1z} control systam - A re-tansioning svstem study for
-2

practical use

studs

multiplex simultanecus strain

- An experiment for the cable
structure joint

- Elasticity structure(Just and it is

cable structure) A joint eXperiment
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2o {3) Content
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(1) P 0 c Iesearc (1) Detailed promotion plan|
art h and and method
e
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< ment
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(&)
-1
(M| » Nonlinear
Sej Analysis - Analysis Guideline of Spacetruss
; n Gideline of - Analysis Guideline of Undertension
Uni Larde Span - Analysis Guideline of Tensedrity
ver Structurss
sit
¥)
€3] . .
9 - Survey for Bending Moment in
(9) gpace frame structures
Se — Bending Moment FE equations
my| " Guideline for , g, . o . .
tructural considering geometric nonlinearity
un structura
, — Characteristics of Bending Moment
8 unstable desizn o ,
Uni in simple discrete models
%) 2 ver — Edit guideline for Dome structural
s1t unstable desizn
v)
(10] - Saismic desidn criteria and
-2 ] duidelines for spatial stwuctural
(11} materials research / analvsis
Ye - Creata earthqualie resistant desidn
unl " Creata Earthquale o _
_ _ duidelines of spatial structural by
gna Eagistant Desidn _
L data analysis
m Guidelines
Uni - Spatial structural Design Guidelines
“"‘_31‘ case kased on spatal structural
S;t Earthqualke Resistant Desidn
¥

Zuidelines
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6)

2)
2o {3) Content
oOr
ma 5 of
(1) P 0 c Iesearc (1) Detailed promotion plan|
art h and and method
e
a develop
< ment
en
C¥
(&)
E?z} (%) — Development of elemertal
Ky techmique for Management of
un Development of retractable structures
EP construction (90 — Analvsis of a retractable
E o managemert structural systems
Nat technology for (10} = Survey on feasibility of
ion the Retractable retractable structural system
a l Structures (11} - Development of construction
Uni guidelines for the retractable
ver
. structures
g1t
v)
" To build a Interactive digital Media
Section of gwstatn for larde span roof structuras-
large—span and Case study of Interactive digital
%) 3 according of IMedia applisd at home and abroad

34
(Chonbuk
Matonal
University)

shape wind load
and desizn
guidelines for

wind vibration

- Analyses on Interactive digital
I adia

interfaces relewvant to larde span roof

gystams and developtnent of

Structures

Daveloping design
duidalines for
dcoustc design of

larde span spaces

- Suddesting dcoustic desidn
duidelines for eptitnumm rootn acoustics
- Suddesting a practical methed of
using design and sesvaltion tools
developed by the present wrork

- Ways of handling possible acoustic
defacts




(12) P
art

(14) Conte
nts of
resear
ch and
develo
pment

(15} Detailed promotion plan|
and method

(16) 4

Development of
the desizn
Guideline

— Publication of ETFE membrane

panel desizn and construction
guidelines

Drawing up of desizgn guide line and
explanation of Ketractable

structures

(19]

(20]
Ko
rea
Uni
ver
sit
of
Te

olo
8 ¥

Ed
uca
tio

Freparation of
integrated
malntenance
guidebook for
larzge space
building

Completion and intedration of
metnbrane stwucture building
maintenance and didgnesis duida
Integrated prepdration of membrane
repair tachnology duide and stesl
material repair technoledy duida
Summary and intadration of
preumatic membrans structlm
facilities and maintenance guids
Arrandetnent and intadration of
rainwatar bocking equipment and
wratertight performance tmaintenance

duida

(21

(22]
Cs
Str
uct
ura

En

gin

Filat Project &
Verification of
Component

Technology +
Establish of

Structural Design

FProcess for

- YWorification of component technolods
Alr-beam

Teanszile strags of cabla and membrans
- Establish of Structural Desidn

- Application NET (Tensioning A Air

Process for Spatial Structurs
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IV Practical wuse plan with research and

development result

B Structural system development and analysis on the construction cost

—  Structure system different special cquality analvsis may act as milestone that
select system of spatial structures effectively if wvarlous access method of
structure system iz systematized by all-important field in progress of all designs
and establish direction in spot by establishing swystem that ready foundation that
can apply this.

— Iz going to secure form beauty and technology of individual large size building
through modelling techniques and become opportunity of know-how storing
accurmilation to present new possibility, Transfer of technical know-how can
save time and expense by minimum trial and error iz possible by process of
actuality basic design,

— Because considering all technological sides through reduction model's an
experiment, can plan practicality and apply a reduction model experiment
development of structure swystem and new detail development etc. and expect
competitive power reinforcement.  Succession  research  for  umisualness
evacuation equipment or hundred two meals a day construction of universe
construction need forward continuously by practical use of reorganization
structure,

— The present topology optimization technigque can enormously reduce trial and
error in structural design process of engineering practize and particularly can
provide a sclentific wavs of design optimization process from the conceptual
design  process. Therefore it can considerably minimize the construction
expenses from the beginnng.

— The present morphogzenesiz technique can provides more freedom of choosing
structural forms in engineering practise and particularly can provide a both
aesthetic and scientific wawys of design optimization process at the beginning of
the conceptual design process. Therefore it can considerably minmize the
design error and construction expenses,

— The topology optimization technigues can be used for not only finding
structural system but also designing cross section of structural members,

— The morphogenesis techniques can be used for not only finding structural
form but also embedding in the structural desizgn process,

— At joint design of membrane through research about joint behavior research
are possible reliable joint desizn reflection by development of joint examination

mood and unit practical use change |

B [Development of nonlinear analysis and structural desizgn technology



— Form—finding algorithm can be directly applied to any soft structures including
tensegrity, cable—strit and cable nets,

— Truss structures can be effectively desizgned by structural optimization based
on genetic algorithm,

— By using inelastic nonlinear procedure, any large—span structures can be
effectively desizned.

— Through the recognition of destruction mechanizm of shell structure,
accelerating the improvement of structural stability and incoming of large
scale structure

- Independence of structure design of large scale structure and growing up the
technology by analwsis of structural unstable behavior in accordance with
external load by structure and applving in structure design

— UUsze as the guideline for the structural stability of large scale structure

— Seismic design technigues of structures of based on the performance can be
secure of seismic design technology,

- quidelines for the seismic design of structures provides engineering practice,

- The industries related to device production, components, materials for seismic

izolation and wvibration control can be improved,

B [Development of Construction and environmertally sustainable desizn
technologw
— Swstemization of acoustic design process for large span

- Prior control of possible acoustic defects

- Development of a measwement svstern by transferring measurement
technique to relevant industrial companies developed through the present
work

- Development of a computer simulation software by transferring simulation
technique to relevant industrial companies developed through the present

worle

B FEeszearch on applicable practical use of technolozy

— Domestic database construction of various spacial structures desizn standard
related the spatial structures construction

- Design guidelines through research-related norms(legislation) designed to take
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advantage in the desizn and construction

Frovide of required technology for consumer through the database bullding of
code investizate related domestic and foreign spatial structures

In the case of the new connection proposed for the connection of circular
pipes in the second vear of the project, the proposed connection has hish
stiffness and internal force so that it can be utilized for a spatial roof
structure and can properly be used at the connection of single lavered dome
using circular pipes.

The HRED promotion exhibition at Korea University of Technology and
Education built as a Pilot Project is expected to be used as an exhibition
facility of the university., And through the feasibility examination of core
technologies applied to the structure (tensioning air beam system, hydraulic
pulling socket, Erection engineering method, retractable driving device, etc.d, it
1z possible to establish a database related to construction technology and
provide the core technologies for relevant workers,

If a structure desizn process of a spatial structure is established on the basis
of the 500 Report of the 300M span Pilot Project written during the research
and development period, the desizgn process can be the zuidelines for the
future construction of many spatial structures, and furthermore, the localization
and advancement of domestically developed foundation technologies, which are

the ultimate goal of our research group, will be able to be achieved,
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