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(1) ASTM E72 : Standard Test Methods of Conducting Strength Tests of Panels for
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I* 9. Review of prior studies
Major subject Definition
Primary performance factor Primary design factor
A Study on the Methods of Temporary| Temporary housing: A residential building for temporary use as

Housing for the Refugee Disastered[3]

needed until a new residence is set up.

Rapidity, economy, Plenty,
High—Technology, Workability

Eco—Friendly,

Environment(Site, Climate, Layout, Daylight, Heating, Ventilation,
Defense), Behavior(Emergency relief, Education, Society, Religion,
Property habits, Lifestyle, Economy), Technology(Infrastructure,
Eco—friendly, Structure, Materials, Equipment)

A Case Study on the Typology of Temporary
Housing According to Disasters[4]

Temporary housing: Including the culture of the people, the
residential environment including the residence for the temporary
period only as needed until the new residence

Safety, Sanitation, Accessibility, Comfort,
Location environment, Rapidity,
Transport—Ability, Lightweight, Module,

Eco—Frendly, Variable

A Study on the Residential Planning Factors
for Emergency Shelter after Disaster[5]

Emergency shelter: Evacuation and residence of victims regardless
of facility use

Safety, Sanitation, Accessibility, Comfort

Site standard, Minimum area, Additional facilities(Water drainage

facilities, Sanitation facilities, Operation management facilities,
Communication/electric facilities), Residential
performance(Ventilation, Lighting, Insulation/Heating,  Safety

,36,




assurance,
disabilities,
Construction)

Privacy assurance, Consideration of persons with
etc.),  Sustain—ability(Building  Materials/Structure/

A Research Study on Comparative Analysis of
Architectural Planning Improvement on
Temporary Housing of Korea and Japan[6]

Temporary housing for post—disaster: When a special situation
called disaster occurs and a residential space is needed, a space
with a residential function created for a temporary period

Habitability(Comfort), Transport-Ability,
Rapidity, Sustain—Ability(Recycle)

Layout plan, The physical characteristics of the units(Location,
Layout plan, Infrastructure, Unit), Temporary housing type,
Foundation type of bond, Construction candidate site, Temporary
housing assembly method, Post utilization plan

A study on the planning characteristic of
temporary housing considering the needs of
temporary residence[7]

Event facilities: The names of all the facilities that occur due to
the nature of events

Temporary,
Transport—Ability

Rapidity, Reuse—Ability,

A Study on the Spatial Configuration of the
Post—Disaster Refugees Housing[8]

Temporary accommodation facility(Temporary): Welfare facilities
such as schools, churches, etc.
Temporary  housing  facility(Short—term):
concept within 30 days

Medium and long—term relief  Residential

Mid-term residential concept over 60 days

Short-term  housing

type(permanent):

Rapidity, Plenty, High—Technology, Workability,
Planning, Variable, Eco—friendly,
Industrialization, economy, Safety

Unit floor plan(Minimum required number of room, Minimum

area), Type of unit plan(Room configuration)

A Study on the Emergency Relief Design with
Consideration for Weak Person of Disaster —
Focused on the Countermeasure Emergency
Relief Design in Earthquake Disaster—[9]

Emergency relief design: Safety, Relief, Crisis management and
Disaster prevention In the context of safety management concept,
physical elements that may cause harm to the mind and body
during a crisis caused by a disaster are blocked, In the case of
damage, the compound concept of functional design that takes
advantage of self-reliance and pursues reduction of damage with
usability

Usability, Durability, Safety, Transport—Ability,
Cognitive, Accessibility, Sanitation, economy

Current  Status and Implication for the
Planning of Emergency Shelter Considering
User’s Habitability[10]

Victim’s emergency shelter: Not the concept of a place for
temporary evacuation, temporary housing facility used for a
certain period immediately after a disaster

Safety, Sanitation, Accessibility, Comfort

Safety(Defense, Safety assurance and prevention),
Sanitation(Public health, Medical support, Light),
Convenience(Ease of access, Community, Care for disaster weak
person), Comfort(Area, Heat/Humidity, Privacy, Sound)

o I AFoA = A LA AT AAH O Z AL EE ] disiAE SE AR
o] stow, gy o|% FFF4 Felo] npA Y] WA UAHVF AL EHE T
ANANAFA A el ‘F+Z3F A (Post-disaster Refugees Housing)'® A< st}

¥ 82 APAFoA FAT HFoAES HYd Aoz 7 A3 Heare uEs

gebst & on)= TUstE AHEE &t tE A9 WESFUF O =L §oE FIst

HE 9NN Aeesd NESE A
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ol E&] MagATNAN FE 1HH HToARE oAA, AEA HSAA, BAA,
HAaA, AAA, olsA, AALLES s
Oizd*éi olAIFo] oRFHoRHE REE F = I kA
ﬁé@wwwﬂ%iTﬂ%%%sﬁfagixwm}ﬂﬂmnsz@
8744 G dA Al gt E JAEAA TASE dJ7EY AFEE FETAe AFEE
AL
24 4 HE a4
el TAAAT EFToge] ol
A4 WA 2 B, By 2o A% EA
ol 5A: FEATL °oF
hs
i 10. Performance factors selected by prior studies
Performance Meanin Ref no. sum
factor & 3[al5]e[7[8] 910
Safety Natural disaster, fire safety, life safety O|O ©|0|O)| 5
Rapidity Fast supply, rapid production and disassembly O|0] |0|0|O 5
Eco—friendly Waste disposal(recycling, reuse) 0|0 |0]0O 5
Sanitation Specific factor such as sunshine, sewage @@ ©|0O] 4
Facility Neighborhood fagilities, transportation accessability 0|0 O|0O] 4
Comfort Area, building quality, hvac ©|0|O Ol 4
Transport—ability The structure must be movable O| |©O|0] |© 4
economy Cost of construction/ refuse treatment/ reuse © 0|0 3
Lightweight Must be light O 1
Module Must be modular O © 2
Variable Space flexibility(expansion, reduction, transformation) © ©) 2
Plenty Movable, sufficient supply of material © O 2
Planning Meeting space demand © 1
High—technology Such as lean construction © © 2
Workability Usage of construction ©) O 2
Temporary Residence for a certain period © 1
Usability Reasonable and accurate functioning according to o 1
purpose
Durability Quiality stable and robust ©) 1
Cognitive Establish of information transmission system © 1
2 AFgs AdgdAFolA T2 add HA58425S H5A R vk sty
FAEAL B oS A TFAYIT nAY, B, AL Fol
AFH oz ARsgon, golsh on) o EFo| $eizE ARFYL ANEHoR
Lol 5 W7A3ste] kA A (Safety), Al4A (Rapidity), A A4 (Reusability),

AF

s

4J (Habitability), 73 #| 4 (economy)-=
AxE N3k

=]

R

FaAsasw
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AYGHEEH AlF, AHE ALE T35 T AAE 2 A7 74 AFE9] A RHS
ofale FEFAY EAA AFEY AAF7](Life cycle)DA Ao HPA
_]

n2e Be £EE ASAA(AA, AEAH, ANEA, AFA, A A8
% % %

I* 11. Primary Post—disaster Refugees Housing Performance Index system

Division Category Performance criterion Performance factor
Site plan Placement
Building plan Space plan
truct [ fet
Structure plan Structural safety

Design | Structural ugage
Heating and Cooling system
Ventilation system
Water supply-sewage disposal and Sanitation
Other equipment

System plan

Safety, Habitability

Material performance

Production Lead time
Transport means and total elapsed time
. __|Transportation Packing .
Construction On-site handling availability Rapidity, economy
In=situ Assembly prgcedure
. Workability
Construction — -
Initial installation cost
Use 1 stage Occupancy Habitability,
(inhabitation) Occupancy cost economy
Use 2 stage Disassembly and Storage
: Large scale repair
Inhabitation | ~ (until next = ocblo Uss y
using) Reusability,
Reuse economy
Use 3 stage Disposal
(after Recycle
durability) Transportation/Storage/Disposal cost
ToFAe A JAE AA FAFH AlEEHI AMEE o] H7E 7| 7HA Y GAE
A7
=

A FAF AR FEF F gz FRAN EAHOR WFEE PRSI, 247
hYA

HFEHE AS7EES 7N ol AFARER AYAE AAR FHFATH(E 10

I 12. Post-disaster Refugees Housing Performance Index system

L —Detail guide
Performance criterion 1 ,
S —and index
Division 1 Category 1 - .
L —Detail guide
Performance criterion 2 ,
—and index

1) 71847 2 AEBAE At 288 % A7 AREAR ololAe Qe 33
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I 13. Secondary Post—-disaster Refugees Housing Performance Index system

Diy Category Performance criterion Contents of Performance criterion
01. Installation site Status of the site to be installed and whether it is under construction
layout by number of people, vehicle and pedestrian movement
02. Layout and Flow plan )
planning
Site plan |03. Parking plan Minimum number of parking lots
04. Electricity supply plan Electricity entry plan
05. Water supply-sewage .
. i ¢ Water supply, water collection, water storage, sewage treatment
disposal
06. Floor design Supply area, flat type, essential furniture list and capacity
07. Elevation design Finishing materials, clearstory area, shade
Buildin ) ) Insulation plan, height standard, connection with foundation, roof
5 “d, g 08. Section design b g
%. design plan
B Planning for disassembly, movement, and assembly to facilitate
09. Reuse plan
reuse/storage
Stability of structures against wind, earthquake, weight of
Structure |10. Structural safety Y ) o a .
desian structure itself
g 11. Structural usage Structural deformation and vibration
Environment 12. Air conditioning and Heating|The amount of energy required for heating and cooling facilities
o _ Natural/mechanical ventilation equipment, ensuring minimal
and building|13. Ventilation ) / aup ¢
system ventilation
dy , 14. Light Indoor illumination
esign 15. Noise Indoor noise level, noise level according to installation area
16. Material performance Insulation, Durability
Manufacture|17. Lead time Period for ordering and delivery of materials
) 18. Production cost Total cost to supply(including equipment and essential furniture)
c% 19. Transport means Domestic and international transportation
=| Transport |20. Packing How to load
%. 21. On-site handling availability |Can be transported without equipment in the field
> In=situ 22. Build procedure Proceed according to construction guidelines
Constructi 23. Workability Difficulty of Construction
onstruction 24. Quality verification Pre—residency quality check procedure after construction(checklist)
25. Indoor environment control |Temperature-illumination control, carbon dioxide concentration
Use 26. Defect response Immediate response to defects(repair, replacement)
= 27. Usage cost Costs incurred while using the building
ol 28. Keeping Transfer to storage, disassembly and storage
% Maintenance|29. Repair and Reuse Maintenance for reuse(material replacement, repair, etc.)
5 30. Maintenance cost Costs incurred for maintenance and reuse
> 31. Usage period Durability is low enough to make reuse difficult
Disposal [32. Recycling Material recycling after dismantling
33. Disposal cost Cost of disposal process
o0 A& AAGERYH FoFA ATHE7MAY AABE Lt es: Az +F, Aoz
W F skl
- ARe AR, FENL AR Ao FERE SEAA T V1, 8L
Tk gow TR
- 5 eEFY, AN, 84AT Soldo Ao SHrE Al
FH7EA] o] g o2 A
S AFe ABAR, AFgold, BRI Aban FASE FAL AR o
y&om 43t



o AFE AFRE HA olF AEHoR ArAA) PS¢ THFES ALE, B,
A7) % W sshel o
- AEE AWBARA, AR, SENEOE AFACIA) AFBY I} BAR
o FHBL

SER
B RE R/AAE, B EoR FEFAY Aol TuE ¥ ANES 9@
w5 Y u ygon FAT
I AEAR, A ARE, AT EoR TEFA YTy Seon AAgol

& 45 Hriet HddE WEoew A

HPATsh A7H, ART AAES B FEFA YSARE AAE FHFT P57
HeEol sl Aesart o F $HYoR wo] BRI Y EL EEU s
ARME RO F2E ZAHAHP)IE 2433

3. TE3FA AFARE T8E &4
7h AHP 7ol whe AE7F i At
o AHP(Analytic Hierarchy Process, Al&4 &4 7]1%)&4
- 1970 djof] w5 A wiyo} thgte] Thomas L. Saaty w57F aighsh W o= AFA
TZ2 FAEE Qa7 AYE R =5 AUA 2o (0]d 1EX)E EE5

49 AAFL BAT & AEF s r1E aEgyolth

AezAe AFstd FE7A ASHARE 8, BT, 457 &5 58 H=(Fig. 19
AUulal A og AualglS A Q)3 & 5671 32 1ASe] RaFd o AZsH
TZE & 137 2Tk

Very Very

Important Important Equal Important Important
5 4 3 2 3 4 5

9o gasgth A¥Retzs AFWA, ANTE, A%,
5 %

2 7730 744

2) AeARe] WEF 14 98l Table 63 20] 24 As7]5e] 2% 3 AFARAAE Histe] AA8E
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I 14. Hierarchy system of Secondary Post—disaster Refugees Housing Performance Index

Goal Div

Category

Performance criterion

Installation site

Layout and Flow plan

Site plan

Parking plan

Electricity supply plan

Water supply-sewage disposal

ubiseQ

Building design

Floor design

Elevation design

Section design

Reuse plan

Structure design

Structural safety

Structural usage

Environment and building
system design

Air conditioning and Heating

Ventilation

Light

Noise

Material performance

Manufacture

Lead time

Production cost

Transport means

Transport

Packing

On-site handling availability

UOI10ONJISUO)

Build procedure

In—situ Construction

Workability

Quality verification

Xopu| aoueWIOlIad BuIsSNnoH seabnjay Jolses|p-1sod

Indoor environment control

Use

Defect response

Usage cost

Keeping

Maintenance

Repair and Reuse

Maintenance cost

uolieliqeyu

Usage period

Disposal

Recycling

Disposal cost

0 SaatytT ©°|l&

CI<0.1(10%)°] ™

R CLER R R
+ CRY 1, Cv& AR

dBAdol kil

,43,
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frelm gl 7k & AtEsH7] 98 AE7 Jdeo] FHH oz Hukgk U 8o
AAAF S 7HA=Ao ] dBA A== F3 A3 CI>0.1¢1 2719 9 =
A g AgstAdtk

(3) 23 2 &4

ASHE 9 7t A (a), BT 7FsA (b)), A7 7teAe)E 44 =
7V A #S wete] A TS AWE B 149 2ol AbEsiy o,
M5 =99 Fd7tEA =95 vER AT

o AA, A&, AF I el wig 7teA(a) A= 22 0428, 0.267, 0.305%=

AAI(42.8%), M15(30.5%), A& (26.7%) o= LESEH

¥ 15. Result of AHP

LEVEL 1 LEVEL 2 LEVEL 3 TOTAL
Division| EGNRanking o WeighiRanking Seromance. aritarion Weight[Ranking (\t’izfgt* Weight{Ranki
(a) (a) () | (o) (© | (o o) (%) | ng
01. Installation site 0.257| 1 0.027 |2.65%| 18
02. Layout and Flow plan 0.191 4 0.020 |[1.97%| 26
Site plan |0.241 3 |03. Parking plan 0.090| 5 0.009 |0.93%| 33
04. Electricity supply plan 0.216| 3 0.022 |2.24%| 23
05. Water supply-sewage disposal|0.246| 2 0.025 |2.54%| 19
06. Floor design 0.328| 1 0.038 3.76%| 8
Building 0.268 5 07. Elevation design 0.135| 4 0.016 |1.55%]| 29
Design|0.428| 1 design ’ 08. Section design 0.216| 3 0.025 |2.48%| 21
09. Reuse plan 0.322| 2 0.037 |3.70%| 9
Structure 10. Structural safety 0.718| 1 0.088 8.76%| 1
design 0.285) 1 11. Structural usage 0.282| 2 0.034 |3.44%| 12
Envi 12. Air conditioning and Heating |0.379 1 0.033 |3.33%| 13
nvironment —
and building |0.205| 4 13. Vgnt|lat|on 0.251 2 0.022 [2.21%| 25
, 14. Light 0.174| 4 0.015 [1.53%| 30
system design 15. Noise 0.197] 3 |0.017 1.73%]| 28
16. Material performance 0.475 1 0.046 |4.57%| 4
Manufacture |0.361 2 [17. Lead time 0.277| 2 0.027 |2.66%| 17
18. Production cost 0.248| 3 0.024 |2.39%| 22
Constru 19. Transport means 0.310| 2 0.018 |[1.75%| 27
ction 0.267 3 Transport [0.212 3 [20. Packing 0.193 3 0.011 {1.09%| 32
21. On-—site handling availability [0.496| 1 0.028 |2.81%| 14
In=situ 22. Build propedure 0.235| 3 0.027 [2.68%| 16
Construction 0.427| 1 23. Workability 0.459| 1 0.052 [5.22%| 3
24. Quality verification 0.306| 2 0.035 (3.48%| 11
25. Indoor environment control  [0.314] 3 0.044 |4.42%| 5
Use 0.461 1 [26. Defect response 0.289| 2 0.041 |4.07%| 7
27. Usage cost 0.397| 1 0.056 |5.59%| 2
Inhabit 28. Keeping 0.266| 3 0.028 [2.75%| 15
ation 0.305 2 Maintenance |0.338 2 29. Repair and Reuse 0.396 1 0.041 |4.08%| 6
30. Maintenance cost 0.338| 2 0.035 |3.49%| 10
31. Usage period 0.363| 2 0.022 |12.22%| 24
Disposal |0.200f 3 [32. Recycling 0.415| 1 0.025 [2.53%| 20
33. Disposal cost 0.222| 3 0.014 |1.36%| 31
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[Weight]

o o
()] o]
j=) o
o o

0.400

0.200

0.000

[Category]

n i Structure | Environment and | ‘ In—situ i
Site plan Building design design |building system design Manufacture Transport Gotishicon Use Maintenance Disposal

TR TR (R TR (TR M (T ITHITE Y

01 05 04 02 03 06 09 08 07 10 1t 12 13 15 14 16 17 18 21 19 20 23 24 22 27 25 26 29 30 28 32 31 33
[Performance criterion no.]

8 20. Weight of performance criterion by category(weight ¢)

AAle] WFE 7FER(b) = T2 A10.285), 1154 A1(0.268), 41418 (0.241),
744 A F(0.205) o2 iy ueA vely
571 7 A (o) BAAZ (A, 0.241, 39l &= A XA (25.7%),
FA YA A E(24.6%), A71FFAF(21.6%), A L FAA2(19.1%),
FAAH9.0%) oz ety FAA G A7 Ee] ToE7F A SRS A
0.027, 2.65% HlT o= HlulA w2 F7FFAE RHolal Utk

SAACEA, 0268, 29Dl A= FHAEA(32.8%), AAHEAIE (32.2%),
D‘r“i”ﬁl(216‘7) H‘L A(135%) com AS5AA AN HHAA ] Ta%=7F E4
Uelkon F3715 4 0.038, 3.76% HlF o2 HnE & T AE Jehdn, 3
AAEA S = FF7EE A 0.037, 3.70% HFoR FHdA ] ufR Holo] FQag AoR
T2AA A, 0285, 19Dl A= F2AHAE(71.8%), T 2AHEA(282%) &o 2
T TaETE S oul ol =A vEw o F RS SIS A 0.088,
876% HlT o] 7M =2 Faxks F2AA WS B oyt FEF
sAFAAN M T

s °]
LA AN A F (A A, 0.205, 459+ W (37.9%), §7 ](25 1%), 25(19.7%),
23 3

(174%) o2 3du Aol Yo Fa=7} =7 1/}5}1401@] TS Al
o] vr& ZhA(b)el vis) Blad & TR AE Holal

=
0.033, 3.33% HlT o2 W
A

W 7ER (b)) A18(0427), AZH0.361), €5(0212)0 2 AlFe] 7FEX7}

X ol
o,
oL

TN

o] As7led 7S A(0e AFHAE, 0361, 2591 = A 5 (47.5%),

S
7

WEIIHELT0), AETHAS) £0% A S F A% A Lheht o
FH7FFA 0046, 457% W F9] 492 TR WFe) WX A (a, bl ¥
Aoz =o E37EXE Kol Qu)

TEAE, 0212, 3EDlAE BEAH 8014(49.6%), *F5TH(31.0%),

7_(1

10@

.{|‘:
1R (19.3%) co= dFdFT &oldol i ez =/ veuton F47tFA

N

0.028, 2.81% HlFzo=z FHd ¢ sFA T
Al E(A1E, 0427, 159D ol A= Al&80]4d(45.9%), &2 20(30.6%), A3 4 =H23.5%)
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o Ueht ma/ A Aol wﬂ o B vetom FH/EA 0041, 408%
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159 2o] Axon wEagth BN 24 WFE A%71Fe) $AEslel weh o
165} 2& AAZ FEFA ALY A5/E S9uS AAFnA Bt
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¥ 16. Final Post—disaster Refugees Housing Performance Index

Performance criterion

Division Category Essential Recommended
performance criterion performance criterion
01. Installation site 02. Layout and Flow plan

. 03. Parking plan
Site plan
04. Electricity supply plan

05. Water supply-sewage disposal

06. Floor design 07. Elevation design
Design Building design . ‘
09. Reuse plan 08. Section design
Structure design [10. Structural safety 11. Structural usage

Environment and 12. Air conditioning and Heating |13. Ventilation

building system 14. Light
design 15. Noise
16. Material performance 17. Lead time
Manufacture ]
18. Production cost
Constru 21. On-site handling availability |19. Transport means
. Transport
ction 20. Packing
23. Workability 22. Build procedure

In—situ Construction
24 . Quality verification

25. Indoor environment control

Use 26. Defect response
27. Usage cost
Inh.abitat 29. Repair and Reuse 28. Keeping
1on Maintenance
30. Maintenance cost
32. Recycling 31. Usage period
Disposal
33. Disposal cost
o ¥ 1594 Fg7FEA 1-100919 As7i 28 M5 1591 (Ranking ¢) 2]
A7l FAAG Y AAFA(01), AFAA ] FHAA06), AAHEAE(09),
TEAAY R 10), FEAN AR W (12), AFe] AAE 5 (16), #E 2]
AGHAT &l (21, AT AlFEolA(23), Aol AUSHE 24 (25), sttt -8-(26),
E&HE(27), el Ha/AARE(29), ¥eln8(30), H7le] AhA} A &-8(32) 1470
Be7les TEFA ML BE dACdA 1dE F UES ST AR
7 A7l or Eete] vtEA Hd ¢ URF sta, O 94 AeTleEes
ol mEt S5 F JdRE A% AVl er =Yt 7T AT AR AAE
A skarat ghet
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5. Addl-§ LMC FAA =" B3I A A
VA =

E 23 PHER 723 S2E-1

712y | Hzlad
A. 4,800 X 2,800 (& H <) X 2 X 2
B. 3,500 X 2,800 X 2 X 2
2| mjf _
L C. 4,500 x 2,800 (& H <)
=
D. 2,400 X 2,800
E. 6,800 X 2,800 (& A <2)
A. 3,500 X 2,800 X 1 X 1
LH =
- B. 1,800 X 2,800 X 1 X 1
=
C. 2,400 X 2,800
A. 3,500 X 4,800 X 1 X 1
xS B. 4,500 X 2,400
C. 6,800 X 3,500
A. 4,800 X 2,800 (& H 2|) X 2 X 2
B. 3,500 X 2,800 X 2 X 2
.4 X 2 =+ A 2
gy C. 4,500 ,800 (& H|<f)
D. 2,400 X 2,800
E. 6,800 X 2,800 (& #|2|)
23ty
=t F. 3,500 X 2,800 X 2 X 2
G. 1,800 x 2,800 X 2 X 2
H. 2,400 X 2,800
. 3,500 X 4,800 X 2 X 2
J. 4,500 X 2,400
K. 6,800 X 3,500
A. 3,500 X 4,800 X 1 X 1
B B. 4,500 X 2,400
C. 6,800 X 3,500 X 1
ES HE! X 3 X 4 X 3
s 2 2 X 2
= 3 2 X 3
Circular saw with fine tooth carbide blade
Double bevel sliding compound miter saw kit
with Blade
X &k Multi- cutter
ST Circular saw
Vertical saw
Cordless drill driver
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Gravity levelers

Laser leveler

Suction cup

Rivet gun

Expandable PU foam gun

Grip clamp

Caulking gun

Tacker (Staple gun)

3M finishing tape

Tyvek tape

Expanded tape

Adhesive caulk

Expandable PU foam

=
FHME PU foam cleaner

PVC profile (57 3.0 mm, &7 Z0| 50 mm)

Composite profile (57 0.8 mm,
=i 2ol 50 mm)

River fastener (Bl&-@3.2 / Z0[-11mm)

ARzt =221 (100mm=*200m)

E 24, PHER 723 SSE-2

A. 4,800 X 2,800 (& <) X 4 X 8 X 2

B. 3,500 x 2,800 X 2 X 8 X 2

9|t o

= C. 4,500 x 2,800 (& Hl2l)
=

D. 2,400 X 2,800

E. 6,800 x 2,800 (& A 2|)

A. 3,500 X 2,800 X 3 X 4 X 1

L o

y . 1,800 X 2,800 X 2 X 4 X 1

. 2,400 x 2,800

B

C

A. 3,500 X 4,800 X 2 X 4 X 1
B. 4,500 x 2,400

C. 6,800 X 3,500

A. 4,800 x 2,800 (& M <2l) X 4 X 8 X 2

B. 3,500 x 2,800 X 2 X 8 X 2

0F
o
e

C. 4,500 x 2,800 (& M=)

0l

D. 2,400 x 2,800

E. 6,800 x 2,800 (& H2l)
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F. 3,500 X 2,800 X 6 X 8

G. 1,800 x 2,800 X 4 X 8

H. 2,400 X 2,800

. 3,500 X 4,800

J. 4,500 X 2,400

K. 6,800 X 3,500

A. 3,500 X 4,800 X 2 X 4
B B. 4,500 X 2,400

C. 6,800 x 3,500
A ES HE X 5 X 7
= X 4 X 8
= X 6 X 12

Circular saw with fine tooth carbide blade

Double bevel sliding compound miter saw kit
with Blade

Multi cutter

Circular saw

Vertical saw

Cordless drill driver

X =k Gravity levelers
ST Laser leveler
Suction cup
Rivet gun

Expandable PU foam gun

Grip clamp

Caulking gun

Tacker (Staple gun)

3M finishing tape

Tyvek tape

Expanded tape

Adhesive caulk

Expandable PU foam

PU foam cleaner

PVC profile (&M 3.0 mm, <70 Z0ol 50 mm)

Composite profile (57 0.8 mm,
=70 2ol 50 mm)

River fastener (21Z&-@3.2 / Z0|-11mm)

A2t 22820 (100mm+*200m)
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INDOOR OPERATIVE TEMPERATURE (T

o
Adaptive comfortE HAE 3 th.

Adaptive comfort= HVAC Al 2®S ALE31A] &=
ekt HVACS AF8381A] &+ ﬁ%oﬂ/\
EEPE} gebx o] = Algult) -7

Fol e gebd = dvks 4y dte] wEofx

ASHRAE® 4] Adaptive comfortE TH3st7] 9138 AFE-3H dlo]H = 47] Wl &< 16071
AEA Z=AME Aom AiERAE Fste] 7P HAgE &5 &5 74]’“Fﬂ % PMVol A
AR&Ste ZHo| = A9l E nEst of PMV A9 05 toll &9l A5 90%, 0.85 <l
S0l & ¢ 80%7F Adaptive comfort A& ¢toll A #H At 7= Ao R Aot
2t ASHRAE standard 559141 7+ A sl Adaptive comfort =%+ oS3} 2t}

=13 UPPER 80% ACCEPTIBILITY LIMITS
—> UPPER 90% ACCEPTIBILITY LIMITS

t—> OPTIMAL TEMPERATURE

=1 5 LOWER90% ACCEFTRILITY LIMITS
5 LOWER BO% ACCEPTIRILITY LIMITS

M 2
T(comf)=0.31+T(pma,out)+17.8
90% &fsth:
T(comf)=0.31*T(pma,out)+20.3

10 s 20 25 30 90% stsh
PREVAILING MEAN OUTDOOR AR TEMPERATURE (T T(Comf)2031 *T(Dma OUT)+1 53
13 34. Adaptive comfort graph 80% Absh:

T(comf)=0.31*T(pma,out)+21.3
80% s5tet: T(comf)=0.31+T(pma,out)+14.3

LMC FAA 2"l Azl oA A&7 Adaptive comfortE #2137 ¢4l
Designbuilder®} Energyplus 91U A A e84 T2 a8 ALEstom AA ek w2t %
229} o] mdlE] s}t

4) ASHRAE 55-2013(ASHRAE, American Society of Housing, Refrigerating and Air-Con. Engineers, 753 %7]4:2}38}3])
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¥ 25. AlE8old =

i)
o
of,
=)
bl

BATH

LIVING :‘ D
i D

- ENTA
KITCHEN

JAGe G TR ALdG LT, &4, 33 2 T Y FHeE FAEF e
FEEAA 9 URwAAn, AN Asue ¥ 269 2ol AT
E 26. AlEE0o|lM 7|2 MYE(HE /R, AlLAE, +x==2M %], HVAC)
HE IR
A= F8(Type) HFEAM(1F)
M XM (Gross area) 23.1m
gk(Orientation) =H5E(0°)
1= =0|(Height) .8m

7| &0 o|E{ (Weather data)

MZ2(.epw, Meteonorm weather data)

ALY M A (Activity)

i

>

2 = (Occupancy)

0.1126 people/m:

My oy MY 22

(Internal environmental condition)

heating 22°C, set—-back 20T

cooling 26C, set—-back 28T

natural ventilation min 22.5C, max 25.5C

L 22+ (Internal gain)

7.88 W/m

Z=9%(Lighting)

8 W/m

TEESMR

(Construction)

2| M (Wall properties)

Composit SIP 100mm + Wood timber 30mm
+ Gypsum board 10mm=*2 = 150mm

HH ¥aFa(Wall U-value) 0.230 W/m-K

o\ 0.300 ac/h
7&(Type) Double LoE

s ds o 272 (U-value) 1.786 W/m-K
UALE A4 $=(SHGC) | 0.598
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HVAC

tek(Heating), @ 2H(Cooling) Air conditioning

AAIQk gk 7 A R std o Ay i AEaA == 22T (20T olstz HojAd
7HE), W AL 26T (28°C o) L/t 7SR wrE9lal 22726 C ol E A d =2
AUE S 2dstes HAASA

HAlE B APl AgHE BF 4Y Hde A8l T 150mm, BuFE
KN =]

H
0.230W/m* K o2 FA39 1 o]=F

7|EA4A a2 HVAC A283 »dskr]| & 25 283
2e 2 7k 83 md 371X 88 AlEd o8t
Adaptive comforte] WS W] 74 3F T}

T 27. 5484 AILHA‘IX‘l

-|?|—C> = = = o
HVAC + Natural ventilation HVAC only Natural ventilation only
. . heating 0, set—-back —20
heating 22, set—-back 20 heating 22, set—-back 20 ng ,
(not working)
. . cooling 80, set—-back 100
cooling 26, set—back 28 cooling 26, set—back 28 ng ,
(not working)
natural ventilation min 22.5, - natural ventilation min 22.5,
no natural ventilation
max 25.5 max 25.5
. LMC FAA =8 3437 43

LMC FAHA "ol AZF o= Fro] oYX & ALE3F=% 1k ofg} Adaptive

A7
comfort®] =}o]E W] FA] &} t}

Az ol JA] A& Electricity, kWh]
ooy R ARG RS kol v A Wk Y A, 7] 7ol | R], el A o] AXF AMS RS

Arshe] B stk

i 2 O
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i# 28. Annual energy consumption

Heating z

Fl-Cooling

ELECTRICITY [KW

Interiar Lighting

Interior Equipment

HVAC+NV HVAC NV

Heating 750.12 697.55 0
Cooling 1092.44 1193.13 0
Interior Lighting 599.02 599.02 599.02
Interior Equipment 886.57 886.57 886.57
Total Use[kWh] 3328.15 3376.27 1485.59

HVAC > HVAC + Natural ventilation (except, Natural ventilation only)

A Ak, AAE7I A48 mde Al9lstar HVAC A=yt
[AAE A8k Zlo2 yEhyg HVAC Al ="lo) A187] &
A l g = e

(e}
Qo] g vk o1

* 29. ASHRAES55 90% Acceptability limits

HVAC+NV HVAC NV
LIVING 707.67 846.22 1786.33
ENT-KICHEN 419.18 527.93 1832.72
BATH 1442.95 1491.90 1823.03
Total[hours] 2569.80 2866.05 5442.08

Natural ventilation only > HVAC + Natural ventilation
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Date(1/1 01:00 ~ 12/31 00:00)
mmmm Zone Thermal Comfort ASHRAE 55 Adaptive Model Running Average Outdoor Air Temperature[C]
Zone Mean Air Temperature[C]
o Zone Thermal Comfort ASHRAE 55 Adaptive Model 90% Acceptability Status
a8 35. HVAC + Natural ventilation graph
40 - = 1
° °g o
°
& o 2 oo
35 el o R
°o 5 °
o
oo " &
30 o oo uo"n °
° o a ®
T 1 e L) T
25 " I wm’l e s WM 'IN‘J
NS Y WAL
20
o 0
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0

1
umu.wnm]%"\
T —— R
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Date(1/1 01:00 ~ 12/31 00:00)

‘mmm Zone Thermal Comfort ASHRAE 55 Adaptive Model Running Average Outdoor Air Temperature[C]

Zone Mean Air Temperature([C]

o Zone Thermal Comfort ASHRAE 55 Adaptive Model 90% Acceptability Status

18 36. HVAC only graph
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Adaptive comfort &4 A3}, zAZ7|vE A &5k o)
At 2 74 =4 YEbg o 1t

Air Lempevatu“e[“(\

l

’M I 4
ﬂf\ﬂﬂ% i A

Jlﬁ'W;\ IW m‘;f

1' b ||1
.WJJ,LJMI I .*II

W" W‘IMW" WM \Llﬁ\, MWW

i
l\h.' |“‘ \kll &

6 7

Date(1/1 01:00 ~

]

8 9 10 11

12/31 00:00)

. Zone Thermal Comfort ASHRAE 55 Adaptive Model Running Average Outdoor Air Temperature[C]

—— Zone Mean Air Temperatur

o Zone Thermal Comfort ASHRAE 55 Adaptive M:

e[C]
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12l 37. Natural ventilation graph
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5 87)F 9 Al7bo] 5442.08
© 2 HVAC A2#w 283 o] 2866.05 A7t

HVAC A28 Q378 m5% A83s wdo] 25698 A|zto 2 74 v A Eby
ol FARTNT AW % T, S s 87)F 9 S BEF G4 gom W
TEIL o FOlAA e &AL Aglsw E 273 P,
E 30. ASHRAES5 90% Acceptability limits (except, BATH)
HVAC+NV HVAC NV
LIVING 707.67 846.22 1786.33
ENT-KICHEN 419.18 527.93 1832.72
Total[hours] 2569.80 2866.05 5442 .08
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E 31. ASHRAE5S5 90% Acceptability limits (except, BATH)

HVAC+NV HVAC NV

Minumum 21.98 22.00 8.21

-2SD 20.24 21.06 11.20

Mean 23.98 24 .55 25.82

+2SD 27.72 28.05 40.44

Maximum 26.00 26.00 36.93

Standard Deviation 1.87 1.75 7.31
FGA, AUS LMC FAA 29004 HVAC Al293% 4877t w5 2§58 2do]

b olyA] ARg3 Adaptive comfort B5F 7FHE 53 o2 FIFE AT

T LMC FAA =" 538 AAste] 44597t BT Aol F7t=
EH = 71719 BEe ARSI 2AlES whdstal AATE AF5H 0w =9l
S AT Aos dHebd Aow 7

|

O:

g M

© A48 44 27

A BEAAE Ah FA WA /FES wESHE AP GBFL Fustug Q7Y
A48 BHg A oS Ba AP FEFAY BF TzEee] B

Ayt zgelu X AAEE AT FEFAE 4 20 7FOR R 36m, A%
42m FAZRT AW/FY L SAL WMo R ATHE F WA 2680 FHOR B
AWl F FATS ABFS 2 A2 yon T2 APsAc

5400
3600 L 1800

1650

4200

R I |

2650

LIVING

5400

1% 38. Prototype Plan of Proposed
Refuge House
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& 39. Prototype Elevation of
Proposed Refuge House

TR A 9 SAEAHEAES gAAEH (Design Builder)oll Al 9} ste] € 3345
Lo JAALR FE dAF o m HAstar Felete] duxEels Y sdS sl
A48 guuzen Q19 g JANLEHS A4en 2AE BAla] Sl
HAs AEz2ael REZ2E o] (Mode Frontier)E& &-83t9] oUA|Ze]aA & oA
A AA AFFsk At
Ul HAs dide ol yA, Wy, 2oy E kg oA a7 S
NFom Fa WFE UE TR WA 453 FAAASE Adetel A43E
AAATHTE 38)
1_s_shgc M_n_shge 15_WWR_s 18_WWR_n
" W u |
v ! ’ J v J ¥ ¥
5 & & & & & & &
5.2 xeo 5.3 xeo T 5.1 xco 5.4 xc0 T n.2 xco n.3 xeo T n_1 xco T 04 xco T
¥
‘ IDF
DOE DOE Sequence DOSBatch50 ‘{ WJ] Exit21
o B0 - : !c i vV
OutputFile15 I
]
v
‘o— ‘ Out10_TotalEnergy
o
Mo—
Bo— v

4
Objectives2 "
Qut03_Lighting

12 40. Flow Chart of Optimization for Refuge House

SN A S BEFE 5 e S A HA =] 80c
7t2 2 s s 7P E A 002, Hi 0559 HAE AAsH L, %QJ/‘P%%%
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02914 05540l W= dystet AFEERL EEEEERE
F8u w7} =olAal 91=[9] Uniform Latic Hypercube | 2% = 800 ﬂ]
AAwS ARt Algdolds JWAsAT 7] oy s Al ARE
FAG) PRGN AL Ageon, F2 Wit g A GECE
A, dved B 1 =< 3 329 2o Wd 2EE 20726
R AL A Y ol AU Ak sl A
mE2 A9 UdAels A o2 JHgsgch
E 32. Input Range of Control Variables
Elements Variables(Unit) Input Data
External Wall U-value(W/m2K) 0.343
Floor U-value(W/m2K) 0.343
Roof U-value(W/m2K) 0.343
number of person 2
Occupancy
schedule 24h
target lus 300
Lighting W/m2 7.5W
Dimming Control on
Equipment W 3.58
Heating setpoint Celsius 20
Cooling setpoint Celsius 26
Infiltration 1/h 0.15
Fresh air liter/person 10
@ olux HHs A
Adse 99 Fo dgus Fa Ay, LA ERE RS Ik
T AA A a7 A ALY
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11_s_shge

15_WAWR_s

Outii_Heatload

Outd2_Coolload

Outd3_Lighting

Out10_TotalEnergy

249522
2.1583E3 2 1423E2 24870E3
2.3952E2
2.2952E2 2.0423E2 2 4570E3
2:4770ES
1.9423E2
stz =
DaninEs
3o 7HES
\ 2 30VHES:
]
1.4952E2
0.20 0.0z 1 1.3052E2 1440352 = 2.2470E
11_s_shge 15_WWR_S Outn1_Heatinad Outn2_Coalinad Out3_Lighting Out10_TatalEnergy
8 41. Parrallel Coordinates Chart among Variables

Out03_Lighting -

o022 Coolload

Out01_Heatload 1|

15 WWR_s -

M_s_shgc | _g 4

0.0m

w00 o e

of L A -z ol 4 %] (-0.663),

among Variables

Foll v Al el 1 21 (0.946) 0] 2L

ot il \‘-““L o
8 42. Pearson Corelation Chart
e AuBAE zZhe Al 070189 A=
BHAAE Zt= Adg 04-07 W @2 F
ey -zwol g2 (-0.631), Wl A-FHAAH (0.618),
Wl | A -5 % dA 55(0.463), ¥
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1ol | %] - 21 of] 1 %] (-0.441),

1.000
0.773
0.556
0.333
0111
0111
0333
-0.556
-0.778
-1.000
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FAUA-FEZZLAAHEE(-0417)] AABAEZ JeEFNJATHZE 40).

ol¢} e AABAZ EY R FUFE] FoUAe] g 2 JFS v AE HG5E
dito g Aol m | Wb x| e} 59 AABAE Hole %%MM‘:
FEoR FuFHE Ao A a7

A7 ststel Agat] A 44 AW

@ HAs A3 A AT

80070l Adte] B AT FoyA] 7 ES 2245kW-2514kWe] M9 E ztal o,
FolvuA e 7 2H ARBAE 2t oy A 2 F 1,856kW-2,191kW
HEE Yeh Atk FouAALEFe] 319 5%l dldets Aolas AAdte] F&
Ao r %713 HE ARxEA(2Y 39S B, oyx HH3 dFe Fo
FAXNAES 052 oy, FdaAn 047 F=o2 Rk Weta A T FRAE
]

B =
) T =
Aste Axse F e FE FIA A5 05 FF, FUAN 038 FFOR Fushs
1

ANEgse g 7|2 == 8.5352 7|50 E H

]I°|'
—III

Results

Air flow at 50 Pa, [mz3/h] 218.1
Air changes at 50 Pa, 5 [/h] 8.52
Flow per Envelope Area at 50 Pa, [m3/h/m?2] 4.154
Flow per Floor Area at 50 Pa, [m3/h/mz] 22.029
Effective leakage area at 50 Pa, [cm?2] 66.45
Equivalent leakage area at 50 Pa, [cm?] 108.0
Leakage per Envelope Area at 50 Pa, [cm?/m2]: | 1.266
Leakage per Floor Area at 50 Pa, [cm2/m2]: 6.71
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(1)

Jz o

B HHE A4 AR =
A% Heed A AR =
F Sl AHeE sl o

Shad AA Azl 48

o,

o,

2 8 ¥

25kg/mPolth. 2 A= T

' aol=

7 0.8mm?l 873 BEaAANE A} LA

VOC(Volatile organic compound, %%/
Aottt AFEE A Bl A=

& A8l AFAel 342

7] shaE
Al 274 o A a%%@%
Ao ot

3 Z42 ol Fol velydu A7 A
EPS(Expanded Polystyrene) ZA HE+

H 35 2 SRgE 74 ME =24
Tensile Elastic Shear Shear Poisson’ C(;rgi\p:;e— Density
Strength | Modulus | Strength | Modulus s Ratio Strenath kN/m?
MPa MPa MPa MPa < (kg/m?®)
MPa
Test Method ISO 527 ASTM D3518
Composites 16.70
Skin 320 20x103 100 8.54x103 0.17 - '
(1700)
(0.8 mm)
E
xpanded 0.245
Polystyrene 0.137 2.34 0.20 3.3 - 0.124 (25)
(EPS)
gt Ad Al
(1) T2 4= AgA
O




o BXUAE AYPA Y F42 ol ;mef Bk o7|A Febe 23 AF Al A -7
Aglolm AA AgA| Holo| A 1ft(304.8mm)E A<k Fholth.
¥ 36. =xQ 24T MEAH A4

Al A A = A7l 20 £t
TL-12-150 150mm
3350mm
TL-12-200 200mm
TL-14-150 150mm
3960mm 1220mm 0.8mm 2k 374
TL-14-200 200mm
TL-16-150 150mm
4570mm
TL-16-200 200mm
(2) A3 "

o Byetw A3upHe F2 ASTM E72¢ wel et on 7)Fol A A A 3
TEYHE HAY T TEXetTs HEHE ¢ e AAE ol &eto] HYEES
Jastaokeole) 18 #}x). XSt 23 X9 IS ol a1 UEYUT
obe] 1A Hole AAY AFAT st A7 FRde AA FERES
gt Al A o] Al FRE AGA Aleld ¥V FEE A H, F7I
FHRA F71& FYste] d@A o dAHom L3 dHS 7w otk

O

Air
Reaction members suspended by l
heavy corner bolt
/ Rigid reaction structure
J / //
ya ]
% 1 1 * t d
4 1 4 4 0 o
E ////'/// ///////////////// //////////////
— I / L
Specimen )
Air pressure bag
A7, (rubberized cloth) A,
/////////////// 0,0,
/////////////// ////////////////
77,7, 200007
/////,///////// ///////////////
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My =" 4 )
A7NA wil, =P A= 3F%) Ad EEAETZF H A wo] stzoluz o 7] A9
pPe P, (et & 4 g ayER A (1)S 9] Ay,

whyly X1y Py X

_ _ I max S|
Mmax ) S =1 (8)
kol & dvk w2 (6785 AHelskd
Pmaxxll
— Xz
B 8 P X Xz o
Omax — [e 8><[e /*\1 (9)
ol, 2 (9)E P,,°l a3l tA AestA =W AFdA Y gdes P, v eI 2k
o X 8X I
_ “max e _ A
Pmax Z><ll - <10)

4 A0AA o, 204 AFFEE AHESATE B 4 (100F 953
Ao FEs 2049 Agaag AEny wE AN o JdsE Frolt, =3
o

Srof A o] A (2)ellX PE P, = v 1 wWo] A 5= 5, °olEE FstA k]
2
5X P X[
6max=384><m—£><]i -2 1D
2 (1DE o] &stH gstFo] A& wo] FdeAe] WE AT + Aok A 103
A (D= ol &l o3t stz at 1 wo] o TIHAE ALstA o ofg ol
Lherj gl

I* 37. ofl&t mistEn YR oy He

A ofl & mha|stE (kN) SLF ofa H2(mm)
TL-12-150 112.11 24717
TL-14-150 94.87 345.22
TL-16-150 82.22 459.61
TL-12-200 149.67 185.87
TL-14-200 126.64 259.60
TL-16-200 109.76 345.62
(2 498 +4
o I FE AP AP ok 1yt Aok kel Y AL wgon HPAS
st om, WeE 24y 98 Fde] LVDTE AXstdnh & v AAHS
golz TSl APL Atk AW HEL SUAR TR HFS
FAR 22 AGHA SUAR TR A 27 ABAZ ol gel BT S
TR 3 ghe 8RAE Uirel 3F AHe AFsa e Y wANdE §5S
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(3) 2o 23}

@ TL-12-150 23 A

25 ~
——TL-12-150a 112.11kN
-=-TL-12-150b //X
20 4 *TL-12-150c Y
—Expected Stiffness 4
% Expected
~ 15 Failure Load
p
=
©
S
- 10
5
0 I 1 I ) 1

0 10 20 30 40 50 60
Displacement(mm)

J8 61. TL-12-150 st&-#He Jei=

o ¢ ¥ TL-12-1509] sts-¥9 2=z olth. TL-12-150> %1 0.8mm, 17}
150mm, Z<& 1220mmel™ Zo]7} 3660mm¢el A A olth g Lo B = gl
A A ARA S A& kel A ()l ofal 453.61N/mm=E ol F = ATh Lz o
e viel o] AgAxn AyA AL Har 396.95N/mmE v$- fALsE ow oA
2k the] 88%<] HAS w3latgdut. Aol et ey HAPH = ol Fol
UEbQth o st 99 stge 122.11kNej A5k A3 A o FER vg v
Bt 164TKN A AGA Aoy FHolAl Foje} 2719 AW &= HA

Aol FEHIAJH

E 38. TL-12-150 A& Zof

A =0 3+E (kN) S5 2o (mm)
TL-12-150a 15.86 38.13
TL-12-150b 15.57 40.64
TL-12-150c 17.99 45.75

g 16.47 41.50
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@ TL-14-150 A& A

25 7 - TL-14-150a
-=-TL-14-150b
20 - —+—TL-14-150c

=Expected Stiffness

x Expected 94.87kN
Failure Load

Y
(9, ]
\
X

Load(kN)

-
o

0 ] ] ] ] 1 1
0 10 20 30 40 50 60

Displacement(mm)

J8 62. TL-14-150 st=-H#Hel Jei=

o ¢ 1¥& TL-14-1509 sl=-H9 g =Zo|t}. TL-14-1508 2718 0.8mm, o7}
150mm, & 1220mmeol™ Zo]7} 4270mm¢<l A& A ojth g Zo|A B = o]
AE A AdA o B ool A (3l 9al 274.80N/mmE o AE ATE g Z o
e vhel o] AE AR AFA AAdE Hit 24495N/mm=E v AR o o
div] 89%<] AS w3tk A did Hdstey A= of Fol
et o st 99 shF2 94.87kNo| AW A3 Ad} o Frrch vl vk
12.28kNoll Al A& A Ao kdf Fokio] A s1ojeh 2719 HA W] ey A3 o]
TR ATH

F 39. TL-14-150 A& Zxf

AelH =z stS(kN) SYF = (mm)
TL-14-150a 12.14 50.01
TL-14-150b 12.09 50.50
TL-14-150c 12.62 49.91

g 12.28 50.13
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@ TL-16-150 A3 A

25

——TL-16-150a
—=-TL-16-150b

20 - ——TL-16-150c
—Expected Stiffness

Expected
Failure Load

-
(9]

82.22kN
=X

Load(kN)

-
o
1

=

0 ] ] ] 1 ] 1
0 10 20 30 40 50 60

Displacement(mm)

J8 63. TL-16-150 st&-#¢ Jei=

o 9 1YL TL-16-1509] a+&-#$ 1ot} TL-16-1502 ~71< 0.8mm, o] 7}
150mm, %2 1220mme]™ Zo]7} 4880mm<) A g Alolth, L ZoA B 4= 9ol
A3 A ARAA ] AL ool A (3ol 9a 178.8IN/mm=E ol A H ATt e Lo
el vRel o] AE AR AP S Hit 181.08N/mm=E v AR o o
ZhtH 101%9] A S H3 et Aged v AdistEs s A ob ol
UERQ T o st 99 shge 82.22kNoj AWk Ad Ad} o Frrch vl v
BITKNO A A Zoludf FFFolA ol 2719 HAAMo] GeuHA AF o]
TR ATH

EF 40. TL-16-150 A& Z 1}

AelH =z stS(kN) SYF = (mm)
TL-16-150a 9.01 50.04
TL-16-150b 8.88 49.63
TL-16-150c 9.01 48.95

g 8.97 49.54
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@ TL-12-200 A3 A

25

X 149.67kN
7

/

20 A

——TL-12-200a

Load(kN)

10 -=-TL-12-200b
——TL-12-200c
5 —Expected Stiffness
Expected

Failure Load

0 10 20 30 40 50 60
Displacement(mm)

T8 64. TL-12-200 st=-#Hel Osi=

o 9 ¥ TL-12-2009] ats-¥9 zefzojt} TL-12-2002 =212 0.8mm, |7}t
200mm, %2 1220mme]™ Zo]7} 3660mm<e! A A= TL-12-150 A& Aol A 5202
FARE WstAZ] A A o)tk ez B 4 glke]l A A AFEAY AAEE o3
21 (3)ell ola 805.25N/mm= o A¥ At} 1&1 of Ve npe} o] A
AL Hat 606.00N/mm= FAFSE ghS B om oA gt oiH] 75%9] S
el Ad Ay TL-12-1509] 70“3% 396.95N/mm= TL-12-200 A &A=
TL-12-150 A @] vl 153%°] Z44& Bk AFel g HAdstsa Howel+=
obgl Foll vebth o E 93 stES 149.67kNol A vk AF A oA FEr)
o] wEe gt 18.63kNol A A A A olnak %—0“:' NA Foje} ~71o] HFAHO
gehE A Ago] FREJTE o= TL-12-150 A A 7F s3] 1647kN 2.t} 2.16kN
& gkoltt,

ok

E 41. TL-12-200 A& 2t

A A Z|tf 5t=(kN) SLF ZHA(mm)
TL-12-200a 17.60 29.13
TL-12-200b 20.03 32.64
TL-12-200c 18.25 30.43

g 18.63 30.73
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® TL-14-200 A3 A

25 H
——TL-14-200a
X 126.64kN
-=-TL-14-200b y
20 4 —*+TL-14-200c 7
—Expected Stiffness
Expected
—_ Failure Load
= 15
=
T
S
=10
5
0 1 1 1 ] 1 1

0 10 20 30 40 50 60
Displacement(mm)

O3 65. TL-14-200 st&-H#Hel Jei=

° 9 19¥e TL-14-2009] st&-w¢ 18|z elrt, TL-14-2002 22712 0.8mm, 7}
200mm, Z-& 1220mme]™ Zo]7} 4270mm¢l A @A &= TL-14-150 A Ao A 30| 2]
FARE WEAZ] A A olth T zelA B £ glRe] Ad A APAe FAge <o
2] (3)oll ol&) 487.84 N/mm=z A5 Act. 2 zo] et ulel ko] A3 Az A9 A
AL Hit 39159N/mmE AR Fhe mlow o gt uiv] 80%< A S
B3ttt A4 Ad TL-14-1509 442 244.95N/mm=z TL-14-200 2 &A=
TL-14-150 A& A2 Hl&) 160%2] ZAS Bk A& g Atz Jhags
obe] Fol yeblnt a3t 93] 8tF S 126.64kNol A7k A8 Ay} ot Frwd
u] - o it 1586kNel A A7 A AoaF FgFeA Fojet ~719 AWM
getem A Aol FEHATH o]E TL-14-150 A A7 343 9@ 12.28kN H.t} 358kN

2 gholnt.

E 42, TL-14-200 A& Zat

AEA Z|o kS (kN) SAF ZHH (mm)
TL=14-200a 16.46 42.44
TL-14-200b 15.39 39.70
TL-14-200c 15.74 39.40

g 15.86 40.51
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® TL-16-200 23 |

25 ~
——TL-16-200a
—=-TL-16-200b
20 4 —*~TL-16-200c
. 109.76kN
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Expected 7

7
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Load(kN)
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Displacement(mm)

J8 66. TL-16-200 st=-H#Hel Jei=

o 9 2¥L TL-16-2009] dt5-¥9 g Zojt} TL-16-200 71L& 0.8mm, o} 7}t
200mm, %-& 1220mme|™ Zo]7} 4880mm¢el A& A2 TL-16-150 43 A) oM 0] ©]
AR WA A@A ot AP EZAA B 7 Aol AP d AFA] A2 g
21 (3)el o3l 317.56N/mm= o= vk, Le o] yEbd vhel o] AP AR A A
AL At 24802N/mmE A S Blow o4 g oin] 78%9 A

ekt A48 A3 TL-16-1509] 742 181.08N/mm= TL-16-200 A3 A+

TL-16-150 A @A 9] H3l] 137%<] 43S Bt Ao gk Hstza A=

obgl Fol YebQh. o3k 93 dtE-E 109.76kNo] A vk A& Ay} oA} FEr

o -§- ure st 11.65kNol Al A A Holwal FdFolA Fojof 23719 HA Mo

g A Aol FEHATE o= TL-16-150 A A A 7F 93¢ 897 kN K.t} 2.68kN

= 710]1:].

F 43. TL-16-200 & & ZAx}t

ok

AelA = 3+E (kN) L5 =2 (mm)
TL-16-200a 11.92 49.48
TL-16-200b 12.06 48.06
TL-16-200c 10.96 43.33

g 11.65 46.96
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oleff v A HFuidel g RxGAE AF T3 AdE vEbdY 39
JJtH%}% #e ARA EE SA389 Adgets o Bdgs steol e vHew
Uie #holth s 8sts @2 v I 9 F3 HAHS APAgE vgow g
W Hojstz ol 1/3 gtes vkl = vk 29 g AddA AFH e AgE

B 5o7F 150 ml A A= 3ol Z+7F 3350mm,

i
o
av)
kW)
K3
i)
|
o
i
faied)
i)
i
R

3960mm, 4570mm<% wiel| 3-8-3F% 2 1.34kN/m2, 0.85kN/m2, 0.54kN/m22.=
gtk 283 Zo)7F 200mme! AF A= 23] zhz; 3350mm, 3960mm,
4570mm¢< ol 3 &3t o] 1.52kN/m2, 1.09kN/m2, 0.70kN/m2°. .2 H o= At} 23
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6. A 3-8 Compact Transformable Station 7]¥ 2 Mock-up A A
o Ah$ Compact Transformable Mock—up #12Fs 93] 3D AAE S8 HESAC
Mock-up 71 HAE F3 3D A= ol 2 2
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)-8 Compact Transformable Station Mock-up @33 & E &AF5A4 H7}
A

o B AFA HFAHOZ Mock—ups AZeA L ofzl 13 o] CTS Mock—upS

Ao A&t Pt
(2) Mock-up YAIFH () CTS 7+ AA
a8 128. Mock-up = 2 CTS A x|

o CTS9 ujx]o whe} ofgl] 23} o] F3He] F8o] Ha, o5 F3] &3+ ou7t
g2 = AS sy ok 7|E A A I ALE 59 AEgle] e
wol @58t AE A g HolA WS g8t F2 HHd 49§
TS R T ¢ e AHS G5
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(g) CTS ¥i#] W &-3
a3 129. CTS H&84 &
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o AAH AN 2710EE Ad dFELE AKH Fol o AUL o FALE
CTSE 48 % 12 855 Flsto] 2av

o CTSE MFEOR H&stn A% Uotold ANy, /el AT s U 7]E dE
E B BEEE =Y F e FEE FAsAd

(c) 2713 CTS "= Hd-1

(e) 27183 CTS wix] W33 () 27183 CTS vix] W34

a8 130. Mt =7|HSAl CTS HEd €It
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(5)

50 2.00

75 3.00

100 4.00

HEAREEEE2E1S 2 125 5.00
k=3 150 6.00

175 7.00

200 8.00

250 10.00

ZA3 G =, AXAE 2= €5 ALsHR] o EP

[¢)
A% Q= #5 EPS 9AAs A 282 ¢ & ATk

s A 2§ Glue

HE-E glue 1948 B3} 290 BiYlow 2T

1998 EFYg-& FA(aA) et ZstAGANZE dAF o2 Hol e AFOE dFEER
o] Hol AzH(H2H7t dojube AlFolth Abgo] Atk G ol

&

ofor ZhdsloF st e § Aol oA Al

O

=
HA ol gk TRl o] Stk
289G FASE AstAZE A2 ZeEF Hof glo] AojA AREStY 2=E 7FEEA
@otle oA Al A3t dold 5 = FAol vk 2By FAlek FeAE
HolA ARget7] wiigol s ol tha MAET
w ATelM s dE £5 Ao ol FHE A= 299 glues AHESElen o=
olgal HEAE-GEA HAL= F7lskn.

a8 135. ol HEA (2)FH,(F)E A
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Ed4#FAEd Az
Z

CHEAE 27 A

| =

Roll2 A= Feldf A& 2ply, e~y 5o = dololg 748 & E849
MEY2E FAE =EEATE o] Z o] heating zones FIstHA FA| 7} &F 5 o

A ZAbole sz ETh o]oJA] cooling zones F ¥ ]7} 174 3} (solidification) %
AXAETZL A€t} o] 48 AFH0R o|FojAn & 20m ©]%2 coil® H 9
AZAE A E7L dojxith

75k ol Axd AEAE A BHS BARGG 4 229 AL A
TR dovolsel ] 1SO A o3 9%, 2% 542 Frhsgon At ok
w9t 2t

Unit G1258W2 G1240W2 G1230W2 Test Standard

Thickness mm 1.15 0.75 0.60 -
Weight of Fabric | g/m2 580 400 300

No. of Ply 2 2 2
Weight of Skin g/m2 1900 1360 1050
Tensile Strength MPa 370 320 380 ISO 527
Tensile Modulus GPa 22 20 22 ISO 527
Flexural Strength MPa 470 450 410 ISO 178
Flexural Modulus GPa 16 18 18 ISO 178

a3 136. Coildd HEXE A7 HEF
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T8 137. LiteTex G1230W2, G1240W2, G1258W2 ME

O~ &LO S =)
o ~Ae B4& B 27139 wag A el dn] 846 S5 S, 3]
TAe AEAE 2L AHE 242 AL 5 ok
600 r 30 600 r 30
= Tensile strength (MPa) mm=Flex strength (MPa)
-~ Tensil dulus (GP
el =i-Flex modulus (GPa)

400 - 20 400 I 20
200 ] I I - 10 200 F 10
0 l 0 0 Lo
G1258W2 G1240W2 G1230W2 Lif 271 G1258W2 G1240W2 G1230W2 Lt

1.1mm 1.1mm
(High Gloss) (High Gloss)
O 138, & =4 vl 8 139. =25 24 vl

o webA F AolM = FA, =4 HolM HAHQl GI240W2 275 Abgste] HEuid s

o HXEAE 2213} EPS 301 E glues °]&ate] F3ste] H3tad S Az

o Gluex FAI¢t AstAlE FAMRE 519 AR A2 F stirer® T3] AojA #
THHEE Fn B85 o] &3t EPS flotd F B glued 1LEA =X3H
A9 Fe mP 300ge] HEE gt A B F HEAE 2202
EPS¢ ¢otaol £el=1 A A7} Astso] 2old ujrtx Ask e shsbgd o),
AR BT o] FolAY 25 VhetH AsERE FXAE 4
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A Zholl di =] Hd S A Qe Y EZd 2 WA (hydraulic pressing method) =
ks

B71 A e Ao ® ofgfel o] F 20-30m, Z°] F me EFHIES
EEH0E AT F vt dHAe] IS dxo= AL FE Qi 8o wef
Aget A7|2 Adete] AFEE F dnt giHA R Ao g Az

28 5= HE&H AE Folal gHAe] a3 AEES oY Fo 9d Hd=
SeAoR gAHE 5 A HAA

1

(=) / tHH™ HEZXE-EPS &

el
1L
-0

do| Al TR A4S W =7 %= (axial compressive strength), WU

7% (in-plane shear strength), ®3¥<%F % % (pressure distribution strength)©]t}.
&= KS F 4724(Building component steel panel for wall) 772 2% Al dWHS

skl Atk KS F 4724+= 329 Agdgnts A4S B 7AA 249 w=

o= AASHA = &=

A A o 2= ASTM E72 'Standard Test Methods of Conducting Strength Tests of

Panels for Building Construction’®] g AW HE FAs L ). o] FAHANAE

Axial Compressive Load, Transverse Load, Racking LoadE 9%t} 121}

ASTMOIA &= Al AvrS Aee ¥ sid 7| A1% 249 7S AAsHA =

&=

Az Bt daidS ASTM 2] ¢ 73te] Axial Compressive Load, Transverse

Load, Racking Load 5 & Al 7F4 4S5 #H7lstt)

Alele bl Q15 Al A2l Applied Testing & Geosciences

(www.appliedtesting.com)ol| A % 3 5} ¢ t}.
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Axia Load set-up Racking Load set-up Transverse Load set-up

2 144. ASTM E72 test set—up

AA(152mm)l ¥ =70 AE A 08mm HF2AE AL

6
AlE Ay obd) #Eeb 2l Allowable load: ultimate loadE safety

i
=

factor 3.2 i Zkolth Transverse Load A @R A& HZof HRskgic)
_lgl_

E 55. 3 57 mlg Al"g Z1

P | L h All le L !
Load condition Panel Size (ft) el e el owable Load 6

(ft) Panel

Axial 8 x 4 - 781 Ib/ft

Racking 8 x 8 - 84 Ib/ft

12 x 4 11 28.2 psf

Transverse
16 x 4 15 17 psf

hoha-sd 9 gE By e
o YW W HUmoRE £ mel He Aans glol ANY 5 Ak Telt W
o] whte @RS Adsts] At WEe Aol Bas
B S f.?—
=

7] Wl 53 sfd-sdS

93l vhFer e g A7Es Rkt

IS HH(AA)s= W T2 20 (profile) S AHE3she Zoln, T2t 9
Aol wep ZupelAd = F 749, PVC, composites 5082 T3 F 9lth

T3 AAR] P mEt 'LE ZEvd, UAY Z20d Soz T ¢ rh
o 2RSS A2 e AZFHE gluedt AFAR T8t Aol wekA =
ANA ZA=g =ol7] 98 AR, g, BE o2 A At

ofef e S st Z2ad TR dd Ad BEF dolth



O3 145, L8 =2 akd, ZHH(AE), PVC(E), Composites(F)

T2 146, U Z=21pd (PVO)
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1}, B9 -Fastener A28 A+

O

—

YU, 23R, B 5 A%l ASHE 4% FTE o gate] Bitad 2713 AU
AT W F2G AAYS Fuafor Gk o)l ASTM DI0Te] 9 Aste] AL
9

A
= ATE AFete] AldS @3 Fastener 55

(o}

i3
it

71% 76mm x 152mmel™ #d F4edl 4.2mm(A %) x 30mm(Z o])
screws A A3A Tt UTMQ crosshead™ 1.5mm/mine] £X=2 Al gt
BEaA= FA7F 0.8mmE 7] wlEo] FHe] E3F A9 steelE HAS 3 A=
Algete] ] 7ttt

)

3
>
ki)
)
S

fujt

T8 148. Fastener A2 SHE Al ZH| (Zf) AlE =7 () AlE 2&

A28 Alg A= otglet 2o BFAA 27 (FA 0.8mm)THS AFEAS H S,
screw @] pull-out force: 266No|t}. = =

27kgh) el S 7HaloF screwE ®S 4 U} Screwel 3 X+ lmm © ™
screwZ ol AAstdA 1 A9 0.8mm T4 2 27l AelA "o 1 9 %9 0.8mm
FARe = 27kge] & AW F Ak o] st dsH 270 A -screw A

207 solvbe WS sHAA holeo] WolAI™ screw7t 8] A Hth =714 WY o
doji}x] =1t pull-out force?t Z7}3Hc}.

Lok FHo) screws o8] | AAET A9 HE pull-out forcew screw 7ol

vl gl sho] S7kght

oz
©
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Surface of panel . LiteTex + LiteTex substrate LiteTex + Steel substrate

LiteTex only

EPS core (0.8mm) (1.0mm)

|
Specimen
LiteTex substrate(G1240W2)_ is Steelsubstrats isatbached 1o
attacheq tf) panel sufface using panel surface using glue and rivet.
glue and rivet.
Max. Load(Force) 266 N 510 N 1468 N

3 149. Screw AMZ3 AlY Znt
o 24 FwWo| A FA4(0.8mm)e A7AE R T screw AZAES A3 Az
pull-out force= 510N(= 52kgf)e] At} =21Ae] F7A7} 5718 pull-out force™
Exdniass

o 2714 EHe] 1.0mm F49 steelHS B3 3 screw AZHS AlFs A3 pull-out
force:= 1468N(= 150kgf)o] AT}t o]+= A7 A -screw A A F-o A hole W& o]
A g% o] pull-out force’} & 7}3kt}.

o dgo me} sid AZxH BAE sHA HWE AAES T8 GRE 7 s
Aoz werg)

o Screw 2]of| =¥, , =22 fastener 5 U3 el fastener® A AH S
Algetom AA Zﬂ %‘r%‘"ﬂ Y JE WS HAskste Aol et

02 150, Ctekst fastener M A AlY
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T8 g AHHQ] stes W] "ol dSeAel e AAE AREEol I 4
=7 9l bending W@ Tol= Aol f-afof et Folrv 8 vl ALE-3}]
A= Aleds aesiM i or st WA, WA BN ofyet G R o)
ok g Aol 243 ddAdol -3 EPS coredll S ARE-daL gl
7128/ A dde] B¢ v coredE A& H2E Axsto] e R
e s AEsT

o ALV 8FEHE As, EX FoFd 3 Y F(Honeycomb, HC) A&7} @o] o] ¥t
53] PP(Polypropylene) sl &2 =2 % wto stz o] Wol 7t A= T2 Al

o] o] & vt nAEY HEAE LA} YT 2ol wEt tef 459
2A gArRle] 7hsdtr] wWiiEe] A8 AR giHeR AEE & 3l

o B YF2 sheet ¥ &, 74 7l A, Tl 508 WE 43 AX BRI FxE
7hel 71 st o2 RH o HSAFETF ulg =2 Flo] SAo|n. BEFsE R ORE
T2 A=A Hde corez AHEETM Zt~g 2] <9 PP honeycomb(¢] s} HC)o]

dutdoltt. PP siyg 1 FF2E ofg ol YERSIT
o PPHC* cell sizedl W&} 6mm, 8Smm, 10mm, 12mm S°] oW cell size?} ZS4E
Aol At w7t =olxt)h Cell sizeo] W& PPHCO &4 W3slE EAs9a, AdS

a8 151, dA4Hd 7=



{ O_E
;Iryl

- ,,,, ._ o
o Iz _,._ __ y
—_ = . m o
; - § ) il -
: T ./ o o
el 50, J mmw Iﬂ .
g o : :
! | N o : :
m_u = ZTU AL L A B am z_.o 2 a
= = XI < i $
<w , uo
= s _._._o ‘_Q_-
% T - = : : 3
T = N = __ oy
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NOTICE
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