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Introduction of KICT
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KICT’s Footprints j

Ministry of Home Ministry of Land Name changed to
Affairs Construction and National Construction
Department Construction Research Institute
Research Institute of National (Research function
Civil Engineering Construction separated)
founded Institute
1948 1961 1983 1988 1999
2004 2013 2016
Integration Ministry of Ministry of Science, ICT and 33 years since foundation,
Science and Future Planning 68 years since establishment
Technology Korea Research Council for
Industrial Science and
Technology
o o o ® ® ® o
1983 1988 1999 2008 2014
Ministry of Integrated with Ministry of Ministrysof:Science,.ICT and
Foundation Construction - National Knowledge Future Planning
Korea Institute of Construction Ecohomy National Research Council
Civil Engineering Research Institute ofiScience & Technology

andiBuilding

Technology

established

-
Research and development

= Quality certification and
" testig tasks

I <
- Construction and equipment
quality certification
- Approval - designation,
. examination and testing

"Policy establishing and
technology support ~

National ‘infrastructure performance
enhancement technology

- Territorial disaster-reacting
technology

- Environmental territory composition
technology

: Naiio’na]‘l constructlonﬁteohnology
policy establishment and
industrial field technology

support * /

= Construction-based conversmn@
complex technology

= High-performance construction
material technolog
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Budget and Human Resources

- BudgetiStatus" e ) N HUmMan RESOUNCETSatUs Gy Jammm

354 Doctorates

20 Certified Technicians

: ILDa‘tNyi:-\tt Non-research
150.4 sitiion kKRw atent Atlorney position

1 Tax Accountant
1 Certified Labor Attorney

314

Research
position

19F 19

Human Resource Trend

2.4 Billion KRW

[Statistics : researchers holding doctorate degree (unit: person)]

Department I Department

Construction Policy Resear Hydro Science and Engineerin

11 6 Billion KRW ch Institute 23 g Research Institute 51
’ Highway and Transportatio 37 Environmental and Plant Engin 36
n Research Institute eering Research Institute
Structural Engineering Res Building and Urban Research |
1 .5 Billion KRW earch Institute 43 nstitute 40
19 19 2 2 0 Geoézcsl‘;r;(r::* IIEnnSg:il&etznng 46 Fire Research Institute 19
- - — - ICT Convergence and Inte
B u d g et Tre n d gration Research Institute 28 Etc: 31
[ As of December 2015] [ As of March 2016]



KICT's intemational cooperation status

@ Intemational cooperation with 45 institutions in 16 nations over the world

UK MONGOLIA
- RSRC (Road Supenvision and
- CEH (Center for Ecology and Research Center)
Hydrology) - MONGOL US
- Intertek = MRA (Mongolian Road Assodiation)
- TRL (Transport Research Laboratory)
- UCL (University College London) CHINA
FLAND MONGOLIA - CABR (China Academy of Building
FINLAND Research)

. ical Insti - IWHR (China Institute of Water Resources
| plaga e
U0 GERMANY CHINA - ngsu T Ton Resear

NETHERLANDS @ ~ UZBEKISTAN Institute Co., Ltd)
FRANCE @ - Ministry of Agriculture and Water JAPAN - RIOH (Research Institute of Highway)
Resources K 'CT . JAPAN
) UZBEKISTAN
GERMANY - BRI (Building Research Institute)
TKIST Europe (Korea Institute of - JICE (Japan Institute of Country-ology and
Sdence and Technology Europe) = iyrg::.m
- DYWIDAG-Systems International - NIPR (National Institute of Polar Research)
PHILIPAINES - PWRI (Public Works Research Institute)
NETHERLANDS @ mAkAD
s QETHA PHILIPPINES
- DOST #7 (Department of Science and
FRANCE Technology)
z © INDONESIA
- tfzc h:ubota)ue Central des Ponts | INDONESIA
- CSTB (Centre scientifique ot - IRE (Institute of Road Engineering)
technique du batiment)
AUSTRAUA
THAILAND - ARRB (ARRB Group Ltd)
AIT (Asian Institute of Technology) NEW ZEALAND
AUSTRAUA
VIETNAM - NIWA (National Institute of Water and
Atmospheric Research Ltd)
r ITST (Institute of Transport Sdence
and Technology)
- IBST (Institute for Building Science
and Technology) NEW ZEALAND

USA

- Cll (Construction Industry Institute)

= CSU (Colorado State University)

- KSCEE (Korean-American Society
of Civil & Environmental Engineers)

- KSEA (Korean-American Scentists
and Engineers Association)

= NCSU (North Cardlina State
University)

- SEI-US (Stockholm Environment
Institute US center)

- UC Dawis (University of California,
Davis)

= UCF (University of Central Florida)

- UL (Underwriters Laboratories INC.)

- UMD (Northland Advanced
Transportation Systems Research
Laboratory, University of Minnesota
Duluth)

- University of lowa

INTERNATIONAL
ORGANIZATIONS

- WMO (World Meteorological
Organization)
- INIVE EEIG

> Intemational cooperation with US Army Corps of Engineers (USACE/ ERDC USACE FED)

> Institutional exchange with global R&D institutions such as VT1 (Sweden), NRCARC (Canada), NGI (Norway), CSIRO (Alfsyab),
> Commissioned training for construciion technology in UAE MBRSC, Iran Engineering Sodety, etc. for advancementto oodwﬁ :




Organization Structun

Construction Industrial
Innovation Center

Constryctlon Global
Policy .
Cooperation
HEEEE Department
Institute P

oAy

Highway
and
Transportation
Research
Institute

Plresslildie)nit

‘ Vice President ‘

. |
Structural Geotechnical ey
. . . . Convergence
Engineering Engineering .
and Integration
Research Research
i . Research
Institute Institute .
Institute

ﬂ

bt R

>
KICT
Auditor
~Auditand
inspection Division
Planning and

- Coordination Department

Administration
Management Department

Future Convergence
Research Institute
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Organization Structure Kict

3

Prof. Tai Sik Lee <Presi S RACE) \,\M.C O.n st r}.U,C.F 10N
dent of KICT> ~
Ph.D.,elTnis. of Wiscons R e€searc h \CAe_n_ ,t ,e, rf

in-Madison, USA m K @ﬂ'r

Dr. Hyu Soung Shin <H
ead of Center>
Ph.D., Univ. of Wales S
wansea, UK

\ ;s 3
4 >

Dr. Jang Keun Lee Dr. Yong Ho Yoo Dr. Ho Sang Ahn Mr. Myoung Bae Seo Dr. Sung Chul Hong
<Simulant/Regolith> <Ext. Envir. Monitoring> <Ext. Envir. Control> <3D Printing> <Sensing/GIS/VR>
Ph.D., Ohio State Univ., Ph.D., Inha Univ., Ph.D., Auburn Univ., US MSc., Chosun Univ, So Ph.D. Univ. of Wisconsin-
USA South Korea A uth Korea Madison, USA

5

Mr. Hong Chul Lee Dr. Chang Baek Cho Dr. Tae Young Yoon Dr. Kyu Hyun Ko Mr. Myung Jae M‘ ‘
<Micro Drilling> <Structural Design> <Numerical Modelling> <Thermal Dynamics> g | <Aefo: ace Eng.>
MSc. Chonbuk Nat. Uni  Ph.D., Chung-Ang Univ. Ph.D., North Carolina Stat Ph.D., KAIST, J‘ l BL.C, o | hgham ﬁJAtU_
v., South Korea. e Univ., USA South Korea Bala st th

South Korea



in Construction

Background of ISRU

8/33



-~

y 4
Direction of space constr_ KICT

« 3 aspects to consider: new idea, low cost, high efficiency
« 3 demanded core values: trustworthiness, applicability, progressiveness

e

¢ Limited lunar environment copy o Z;:f:::;‘:;:p“e technology evaluation

Mars environment

“» limited environment (vacuum, temperature) «»Closer to lunar environme -

S
= | applicable
“» Soil bin bound test materials \ | > Non-bound materials » Trustworthiness,
> Small scale test for core technologies “» Testing scale fit for applicablity secwrsd

D T T site exploraﬁon

—_——

*Low cost high efficiency exploration operation
“» Local resource constructed shielding wall
“» Protecting site exploration and analyzing devices

N — Y

* High cost high risk missions

., Focused on exploration robot’s function improve
-ment for surviving extreme environment

> Limited missions due to extreme environment

» Mission success decided by environmental
influence

?_/
"% ¢ Distanced exploration for space resources

-» Measuring resource distribution. topography.
» environment via distanced exploration
“? fragmentary, relative data, errors

2 «» Longer mission lifespan due to less influence
by environmental factors

I v

¢ Space resource site exploration
Site exploration, underground exploration proves
: distanced exploration data
| *» More exact data secures trustworthiness
-» Securing data by stratums to achieve progressiv
-eness and scientific contribution
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ISRU technology development . KiCT

Human Space Exploration ’ Due to limits of cost / space in projectile ’ .
to the Moon/Mars — limits of resources from the Earth)

Definition of ISRU(In-site Resource Utlization)

ISRU's Goal

Space resource exploration

- Gathering resources
and analysis

Mass Reduction

Less weight reduces projectile cost

Local fuel supply increases
device recycle rate

Space resource
distanced exploration

ISRU

Cost Reduction g
Living off

Less propulsion fuel by the land”
providing midway fuel
station

Oxygen/water for astronaut’s
survival - obtained at the site

i 112‘

Propulsion fuel Energy source

Construction of site exploration
supporting infrastructure

Risk Reduction

O Due to device recycle rate increase, risk reduced
due to less number of launches on Earth

O Shielding wall construction reduces mission risk
in the space

Surval support :
Utilizing space resources Processing Characterization of resource/material

=+ 10/33



Space Construction Technology

Korean Researches on

.
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KICT Researches on Space: Geotechnical Englnul_ KICT

(from Hanyang University))

— TT—

WD23 .5mm 20.0kV %500 100um

Lunar Analogue Test Environment

. B ity ks
N w w—— q,"".- . - =
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KICT Researches on Space: Geohch_ KICT

KLS-1 Physical Properties and Application (from KICT))

350
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4
S~ 250
£

O) 200

c

()
a 150

(7))

@ 100

q) -
(',C) 50 e -

00 ‘. 100i I 200 300 400 500 | 600
Net normal stress (kPa)
Soil e C (kpa) Source
(degrees) P
45 1.00 Willman et al .(1995)
JSC-1
45.02 1.65 KICT test
325~394 3~8 Kanamiri et al. (1998)
FJS-1
39.39 8.13 KICT test 0 o
. Obtain the optimal wheel system

KLS-1 LA g2 e for maximum traction force




KICT Researches on Space: Geotechnical

(from Hanyang University))

Lunar Anchor
B - i S

Recycle the transfer gas

Feeder

A4

Transfer gas
Blower Supply

Pneumatic Transportation
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KICT Researches on Space: 3D Construction Printing KICT

N 1A K T5 4T, NN N ‘/,,,Jf
‘aa VYAV ALAA AN J,,, ' fl-1 - W ‘_'(J

* Application Target : Con. Materials, Scaffold, Structure, Building (Partial Print + Assembly)
s, Utilized Materials : Cement, construction wastes resource, nylon, ceramic, sand, synthetic resins, etc.

Construction Materials / Scaffold Members / Structures

Organization Country Scope Material Usecase Organization Country Scope Material Usecase
Swe- | Connectio . . Partial Print . e
Skanska o n Nylon Softkill Design UK + assembly Plastic — e
DesignLab . . Loughborough Partial Print
Workshop USA Brick Ceramic University U.K + assembly Concrete
Keio Univ. & ] Scaffold polyvinyl chlo Universe Nether- | Partial Print |Fiber reinforce— =
Takenaka Komuten apan catro ride resin Architecture Lands | + assembly | dconcrete
Arup U.K | Connection Steel DUS Architects Nether- | partial Print
. < : Lands | + assembly
synthetic Resiw s Sands,
MIT MEDIA LAB USA Scaffold Y | & : Dini Tech Corp. ltaly | Fully Print | Seawater,
S ﬁ g™ magnesium
Building Space and Future Construction
Organization Country Scope Material Organization Country Scope Material

ASSS usa | muing | ST
Con- ESA Europ .
IAAC Spain Structure on ecreat (Europearr]\qsl)pace Age e Building Concreate
mschung e ST - e a8
: wastes olymer 8 &
T "



3DP Equipment bas
ed on Gantry Carne

Mixing Technology of M
aterial and Binder Base
d on ISRU

Structure & Habitat
Architectural Desig

Nozzle Control Device a ||3DP Equipment Based on Field Application M Commercialization
anual Method

of 3DP Technology

Material Hardening Material Stacking Tech || Material Performance Ev || Commercialization Methc

Technology nology aluation d _
of 3DP Material

Vs,
2/ g
% I8
"‘é%/”‘;r. g

o

3DP Construction P Optimization Technology || Monitoring Technolog Manual, Guideline, St
rocess of Construction Managem|| y of Construction Site ability Evaluation
ent
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KICT Researches on Space: 3D Constl'u_ KICT

international Collaboration

* Architectural design concept for Mars habitat jointly developed by KICT, Hanyang Univ. and XArc
#) The concept is living in a cave without having to be in a cave

* The ArcHab is a departure from traditional planetary habitat design using a basic form factor as a core s
hell to accommodate a variety of outfitting options.
® The thickness of the arc provides robust radiation protection and added shelter

<“ArcHab”, Design Concept for Mars Habitat> ; 0+ A ‘:‘_"’



KICT Researches on Space: 3D Construction Printing KICT

> Construction of the ArcHab is with a process using in-situ material of Martian soil (Regolith)

2, Our current concept employs a semi-autonomous process due to the need of supporting inflatable bladd
ers to maintain arc curvatures during the printing process

¥ Maintaining the arc curvatures is the greatest challenge for ArcHab 3D print constructability

ArcHab Core Printed Structure ArcHab Features ox . ArcHab Mars Site Location — Hellas Planitia

Heias pianita I

ront Vie Right Side View

P~

Isometric View

ArcHab Construction Print Build Sequence
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KICT Researches on Space: Building Information Modoli- KICT

) - - = - = e -~ r v N -~ </~
SVl on GIS Platrorm Tor Space Re

Site Selection for
Landing and Habitat 1

VR for Astronaut Training

B l M(Building Information Medeli - 3[ -

Indoor facilities in Mi i 4

. —.c - o — . =T

, Seor oo L3

AT

B o fat e S i
R TR frdl et i

= S S S 7
'S(Gmphie Information System)
Indoor facilities in Micro Scale
A set of single building objects
A set of single building objects’ property

“* o33



KICT Researches on Space: Building Information _

KICT

Roles and Functions of Virtual Evaluétion LaIS

3-side rear projection method utilizing 4 projectors Virtual evaluation lab size

1 unit on back 2 unit on top

we'g

Nation’s first 3-side Virtual Evaluation Lab constructed
Strong immersion brings realistic feeling as in real situations

Expected effects
> Various simuiation possidle induding aty view, disaster; noise, efc.

> 3dimensional design evaluation and certification for National SOC fadiiies
> Disasterevacuation simulation based on vitual reglity

Virtual'evaltation'laboratory (BIM Room) established

Reported by vanious media

The Dong-A Daily News, 04/03, journalist Song Gyung Eun
“KICT Reveals the First VR-utilized ‘Virtual Evaluation Lab’ in Nation”
Chosun llbo, 04/12, journalist Park Geon Hyung
“Floating Car in Front and into Nuclear Plant... Rise of MR Virtual Experie

nce Technology”
YTN, 04/03, journalist Kin Jin Doo

“Shall We Build Bases on the Moon ... Virtual Reality for Construétion”
CNEWS, 04/03, journalist Kim Guk Jin

“Introducing BIM ROOM at Korea Institute of Civil Englneerlng and Build

ing Technology.” wr Sl "’67
# 20/33

Money Today, 04/04, journalist'Ryu Jun %g
“Can be anywhere in ‘BIM Room’ - Space - South Pole - Site of Disaster”



KICT Researches on Space: Building I_

»Lidar surveying system on rover & analysis/management system of spatial surveying information

*On-site information treatment & size minimizing system

*VR visualization and data control system in the KICT's BIM room

Onsite spatial information Hybrid Lidar inslr:;\(/: rmera SEASOIS Prototype moving platform for surveying

ChemCam

a
e
‘ MMRTG

* Moving platform for surveying e

* Hybrid sensing such as Lidar
etc.

e Data transmission

nnnnnn

-
(CheMin, SAM inside the rover) Mobility System

VR visualization of spatial data Scenarios of utilizap'on of spatial information
on site at KICT

* 3D VR software

* Image control devices

N
W/

TechViz




=
KICT Researches on Space: Drilling _ KICT

Current Drilling fechnologies in Con

@
=
Y
=
¢
Q
—

Derrick

Fast \

Line

Deaciine
pult

Traveling Block Crown Block

Draw-work
e ° !W"’W’"!” -_‘
Contt AC-Drive Deadling anchor
. - .uwmul“."

Derrick & Hoisting Systéff Rotation System :

Device for rotating the drill pipe

Derrick and hoisting systems: :
Providing installation space for drill pipe

Unnecessary features Non-hydraulic drive required

Mud Circulation System: :
Clay emissions, Drill bits lubrication Drilling direction control systems :
Unnecessary features Drilling depth of up to 1m

Starless Sieel on Moon and Mars
Chemical Hopper

Stanless Steel
Table

variable gauge stabilizer

ADN CDR,
azimuthal density, compensated dual
neutron tool resistivity tool
= geosteering tool, motor,
0.75° bend inclination,
density inclination, resistivity resistivity and gamma ray
and porosity  azimuth and shocks and gamma ray

Fork Uit Pockats

N e 1@@&
e _,_H*.q-r- 3!
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KICT Researches on Space: Drilling _ KICT

Space implementation

Hallow ice core drill system :
Drilling equipment for the Polar Climate Change Research
Necessary features for exploration Equip.

. . 5 ing System
Drill rig automation systems :

Necessary features for exploration Equip.

Measurement while drilling(MWD) : =
Necessary features for exploration Equip. ‘ : - \\ o

Q : ‘ . ~ Drilling simulation :
nderground A Drillbench dynamic simulation & control

System

CIRCULATING HEAD

STANDPIPE GAUGE

MUD PULSE
COMPUTER

Necessary features for exploration Equip.

i

L m, ALLE ml\
23/33
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MWD TOOL

/
MUD PULSES l
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KICT Researches on Space: Dust Control & _ KICT

Application for Dust Contrel in Vacuum Condition

I' Ventilation I' Particle Characteristicin Va I Dust Monitoring System(Light
(Coal Mine & Tunnels) cuum Extinction)

Dust Monitoring System for Dirty Vacuum Chamber

Monitoring System

- Measuring Value Display
- Historical Trend

- Data & Trend Print-Out

In situ Particle chara
cteristic diagnosis s
ystem in Vacuum

USB to Serial Converter

-- - - === Vacuum Chamber

* Measuring particle size : 20-500nm
* Monitor mode detection =
* Particle size distribution
» Real time componential analysis |
* Real time shape analysis




Coal Mine & Tunnels)

-
C
@
|
¢)
&
=
-~
—
Q
=
=
I:_
o
<
—
Q
Y
LI‘
=
(@
Q
=2
£
=
Q
=
—_—3

Dust
Particle

oal Mine Environ
ent)

Spray Spray
Droplet Droplet 1 Particle

Dust
Control )
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KICT Researches on Space: Dust _

@
L
¢
Qo
=
| o
Iﬁ
Q
P
-

| Vacuum Chamber und

Low temp. High vacuum, Big scale C

Lab. Scale Pilot Chamber

* Dimension : ®1000x1300L
* Temp. : -190°C/+150°C
* Vacuum Pumping System

« Utility etc.

Big Scale Vac. Chamber
under design)

* Size: 50m? (D 4m xL 4m)
* Vacuum: 10 torr

* Temp.: -190°C/+150°Ce

* Dust Control & Monitoring

* Other Contamination Cond.

System Configuration

A Process Chamber module
N Lo

Vacuum pumping &

- @ s !
- Rox 3

Measurement module

[Ref. : Development and Testing of an ISRU Soil Mechanics Vacuum Test Facility, 2014)] 2



Program Roadmap with NASA_

. 2016

2017

2018

2020

2019 |

P,

2021 | ~2024 | ~2030

Space Construction Technology

(1) Surface Survey, Informatization and Mapping
(2) ISRU-Construction Materials

Field Verification
and Application T

KICT

RN A

i
[
[
I
1
!
(3) Facility Design and Automated .Cor_1struct|on : ech nology
(4) Remote Control and Monitoring -
1 ! 1
Core Tech.l Core Tech.ll Tech. Integra | Space Construction Tech. Verifi | (1) Drilling
ting (TRL3) 1 cation and Enhancement I (2) Harvesting and
- (over TRL6 ) | Transportation
. - P ' I (3) Application and
Dirty Vacuum Dirty Vacuum || Chamber Veri : Verification/Test Rule Developm : Modification
Chamber De Chamber De ficationand | ent and Standardization 1
sign(50m3) velopment (5 | Modification || :
0m3) [ I
I 1
1 1
1 1
[ [
= NASA.RP

"20.05.07: landing on the moon |

->-
.,

18 10.22: RP System Integration :

I
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|

— NASA.MARSZOZO !

|

e e e e s e e

— NASA.ASTROID HUMAN LANDING MISSION

— NASA.MARS HUMAN LANDING MISSION




IV Concluding Remarks
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Effect of space development

Contribution on value addition on construction industry

Synergies Effect by
3D printing system & Aut
omation construction coll

aboration

Utilizing in

Extreme Environment

Build a new residential
environment through

Sustainable Development

Build up Lunar

Habitat Environment




ASuggestion in South Korea

“Korean Construction Technology Will Work in Space ...

Make Space Fund”
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An idea that is not dangerous is unworthy of
being called an idea at all.)
(Oscar Fingal O’Flahertie Wills Wilde))

Thank yoeu for listening.



