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Summary

[ . Research Subject

Development of environment—friendly apartment external

wall insulation

Il Purpose and necessity of R&D

In order to save the energy of the building, it will be most basic to
reduce the thermal loss through the insulation of the building envelope,
and as the economic alternative, not only the advanced nations but also
our nation has tried to save the energy through the obligation for the
insulation standards per area and per building part, In this addition, as
the ©policy to maximize the energy saving more recently such as
'Distribution project of green home 100 households', and as the detailed
strategy to execute this, the legal standards to intensify the insulation
and the air leakage performance of the building are being prepared,

As the heating/cooling energy loss in the building generally occurs from
the envelopes such as door and window, external wall, roof and etc., the
positive research for the environment—friendly high—efficiency envelope
system has been made and the various products have been produced and
distributed,

Meanwhile, classifying the types of domestic residential buildings, above
50% is apartment house (Apartment), and some 90% of the housing newly
supplied is apartment house, Considering such circumstance, it will be
very important to minimize the thermal loss through the performance

increase for the apartment envelope system,

- xii -



As for the door and window of the domestic apartment house, various
door and window systems such as Thermopane with the high insulation
feature, low—E coating glass, solar flux adjustment system and etc. have
been developed and applied, Meanwhile, as for the wall, as the internal
insulation—centered building insulation system is applied as the insulation
method, it is basically inclusive of the heat exchanging phenomenon,

As for the inside insulation work method, as the insulation discontinuity
area generally occurs from the wall—wall, wall—slab joint area, it becomes
the reason for the energy loss, condensation and etc,, and therefore, it
shall be positively reviewed to apply the external insulation work method
rather than the internal insulation work method in future, Especially, as
for the wall site that is adjacent to the floor heating pipe, it has the risk
that the calory of the hot water supplied from the wall side is lost to the
outside through the heat exchanging area, and the wall side of the
apartment will be the representative example,

Also, as the insulators applied to the external heat insulation work
method are mainly the polystyrene (Styrofoam) of the organic system and
the organic/inorganic complex laminated material, it is weak to the fire,
and especially, as the durability is lowered in case the long period is
passed, the insulation effect is lowered and the crack and etc, occurs, and
so, it becomes the leakage reason and etc, and in addition, it is likely to
be easily damaged from the outside impact,

Therefore, as for this technical development, for the purpose of the
insulation of the flank wall, which can be said as the most representative
heat exchange area in the domestic apartment, it will develop the
inorganic insulation panel, which can play the role for the mould in
concreting, and also the work execution system that can efficiently

execute the work the external insulation panel,
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[, Contents and scope of R&D

B Contents of 1st year R&D

oY)

(2)

(3)

Use status and domestic/overseas technical survey related to
insulation panel

Collection and analysis of the technical data related to the
domestic/ overseas insulation work method

Analysis of the domestic/overseas standards related to the
insulation standards

Technical survey of the existing building and analysis of the
outstanding matter

Analysis of the design drawing related to the domestic/overseas

insulation work method

Development of insulation/high—reflectance ceramic paint

Analysis of the heat reflectance mechanism of the insulation paint

Material of the insulation paint to satisfy the target performance
and optimization of the mixture

Review of the physical/dynamic performance of the developed paint
Review of the weather resistance through the outside exposure and

the indoor accelerating

Survey of original material composing insulation panel

Survey of the original material for the insulation, which can be
used for the extrusion method of the panel and grasping of the
characteristics

Review of the basic characteristics of the original material for the

insulation panel

- Xiv -



(4)

(5)

(6)

Review of performance of inorganic insulation panel—-composing
material

Review of the performance of the insulation panel under the
non—extrusion condition
Kind of the insulation material and the characteristics per mixture
rate
Kind of the insulation material and review of the physical/dynamic
performance characteristics per mixture rate

Review of +the possibility for extrusion per mixture of the
insulation panel

Review of the thermal characteristics and the dynamic

characteristics of the extrusion moulding condition

Optimal mixture rate of inorganic insulation panel
Review of the optimal mixture rate of the inorganic insulation
panel through review of the basic characteristics

Review of the figure optimization of the inorganic insulation panel

Evaluation of economic feasibility of insulation external wall system
Work progress of the existing external insulation work method and
the basic—unit analysis

Review of the economic feasibility through LCC analysis of the
insulation external wall system with the existing external

insulation work method

B Contents of 2nd year R&D

(1) Review of possibility for application as mould panel

— Review of the dimension, figure and connection method of the

extruding moulded insulation panel to be applied as the mould
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(2)

panel
If applied as the mould panel, to review the unit volume mass,

optimal thickness and optimal height

Review of thermal characteristics and engineering characteristics of

extrusion moulded insulation panel

— Review of the thermal conductivity and the thermal transmission

(3)

(4)

coefficient of the extrusion moulded insulation panel per insulation
material
Review of the physical/dynamic characteristics of the extrusion

moulded insulation panel per insulation material

Review of fire resistance and durability of extrusion moulded
insulation panel

Review of the fire—resistance performance of the extrusion
moulding insulation panel per insulation material

Review of the freezing/thawing resistance of the extrusion
moulding insulation panel per insulation material

Review of the bending resistance of the extrusion moulding
insulation panel per insulation material to be used for the external

wall panel (Bowing test)

Review of building wuniformity relative to change of outside
environment

Review of the uniformity performance and the dynamic
characteristics relative to change of the temperature environmental
condition under the building uniformity of the extrusion moulded
insulation panel

Review of the uniformity performance and the dynamic characteristics

relative to change of the humidity environmental condition

— XVi —



(5) Review of simulation building of extrusion moulded insulation panel

— Review of the work process of the extrusion moulding insulation
panel through the mock—up test

— Review of +the simulation thermal efficiency through the

temperature history of winter season and measurement of the

electric power consumption

(6) Site workability and economic feasibility of apartment insulation
external wall system
— Execution of the site analysis through the actual survey of the
moulding process of the apartment job site
— Questionnaires to acquire the cost/convenience factors
— Analysis of the cost/convenience of the insulation panel to evaluate

the feasibility of the insulation panel system

IV, R&D Results

1) Development of insulation/high—reflectance ceramic paint

— In order to develop the high—reflectance paint with the insulation and
the high reflectance performance to block the sun light that becomes
the major reason to increase the indoor temperature, this research has
evaluated in comparison the thermal reflexibility and the
high—reflectance performance and reviewed the optimal mixture of the
thermal reflecting paint, and then, reviewed the weather resistance
through the accelerating weather resistance and the long—term exposure
test with the optimal mixture of the insulation and the high—reflectance

paint,
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2) Review of Characteristics of original material of inorganic
insulation panel

— It is important to select the insulation material for development of the
inorganic insulation panel., So, this research reviewed the basic
characteristics for the insulation material such as foamed polystyrene
with lots of use quantity, inorganic vermiculite, which is effective for
the fire and crack, hollow—type ceramic bead, perlite and etc,, and
selected the insulation material and the proper mixture rate that
demonstrate the optimal performance after evaluating all the properties

of the cement mortar relative to the kind of the insulation material and

the mixture rate,

3) Development of inorganic insulation pant] satisfying the targeted
performance standards

— This research has produced the inorganic insulation material with the
factory standard production system through review of the performance
of the original material, and reviewed the dynamic/thermal
characteristics in various environments, As the dynamic characteristics,
it reviewed the bending strength, density, absorptance and etc., and as
the thermal characteristics, it reviewed the thermal conductivity, heat
transmission coefficient, transformation relative to the temperature,
fireproof performance and etc,, and finally, reviewed the transformation
relative to the temperature for the uniformity characteristics of the

inorganic insulation panel, adherence strength and etc,

4) Development of Building all-in—one insulation system
— This research has developed the all-in—one insulation external wall
system through the consulting with the design/mould/work execution

experts and through the survey of the apartment job site to develop the
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building all-in—one insulation system of the inorganic insulation panel,
and compared/evaluated the performance through the temperature
change, power consumption, photographing of the thermal image and

etc,

5) Review of economic feasibility

— This research analyzed the inorganic insulation panel, which has been
developed by this research team, and the cost/convenience for the metal
panel, which has mostly applied in the domestic construction site, to
select the efficient finish work method of the external wall of the
apartment house (Apartment) by using firstly AHP method as the
analysis method of the economic feasibility, and then, has presented the
reasonable and effective external wall finish work method, Also, as for
LCC analysis, this research analyzed the economic feasibility for the
initial investment cost and the maintenance cost through the fixed LCC
cost analysis and the probabilistic LCC cost analysis, Finally, as for the
work—process analysis, this research will calculate the construction cost
of the generally—used mould work, external wall insulation system and
inorganic insulation panel system for the apartment house (Apartment)
by applying the 2010 construction work estimating cost, and analyze

the construction cost relative to the work process of each system,

V. Utilization plan of R&D results

1) PR and commercialization of research result

— Through the related seminar and PR to the academic circles being based
on the data and the development experience reviewed through this
research, this research tries to maximize the commercialization basis

through the positive PR for the performance increase aspect such as
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insulation performance, fire safety, environment—friendly acquirement,
insulation performance and etc, as the insulation system of the

apartment external wall of the related company circles,

2) Response to green home policy of government

— It will try to realize effectively the green home, which is the national
project, by reflecting the environment—friendly insulation external wall
material on the design to construct the environment—friendly
health—oriented residential culture keeping pace with the low-—carbon
green growth, and to respond to the residential welfare and the
environmental matter through the environment—friendly and

energy—saving apartment design,

3) Energy—saving and defect of apartment

— This research will try to prevent the concrete crack, prevent the dew
condensation and minimize the maintenance/repair by improving and
supplementing the matters indicated in the practical work through
development of +the environment—friendly insulation external wall
material of the apartment, Also, the social concerns for the concrete
crack, insulation and dew condensation is being increased , and so, this
research will try to utilize the R&D results of this relevant task for
acquirement of new technology and also for new growth and
development with the future—oriented thought relative to the
environment—friendly insulation external wall material of the apartment

that is the task of this time.

4) Manufacturing plan and enlargement of application scope

— In order to produce and supply the developed technology through its

product manufacturing, it is necessary to supplement the specimen and

- XX —



5)

the production facility additionally, and the entrusted research institute
has the long—term plan for expansion of +the production basis,
production of the product and distribution, Also, as for the insulation
panel among the technologies developed herein, as it is expected that it
can be also utilized as the insulation dry—type wall, it is anticipated to

develop various uses of the applied products,

Endeavor for wutilization increase through joint ownership with
entrusted research institute and participating company

The research results will be linked to the business with supplement of
the research results, positive PR and etc, through the continuous
cooperation with Iksungtech Co,, Ltd, and Ahae Co,, Ltd., which are

the entrusted research institutes for performance of this research,

6) PR for academic results

As for the research results of the test research field with the academic
value, the academic accomplishment of the research results will be
publicized and jointly owned by presenting this thesis to Architectural
Institute of Korea, Korea Institute of Building Construction and etc,,
and also, it is expected that it will be expanded to the base to utilize
the insulation external panel and to apply the research accomplishment
by participating positively in the expert committee of the academic

society.
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2. 259 7|2 dAE AR ¥ widd] =&

]
=
A 4 718 dARE AAs 712 wids g 2 Aol AHEE

sto] 7|2 Em H7F AR A4 St & Ao AHEE Em 7]E i 2
LA RE AR H HlQlt| 2% Silicone acryl emulsion< ¢F 30 wt %AME %
oo, AH§ Grade: B2 W 271, 53 B weste] AA AN} Agsa

)= Silicone acryl emulsion SA 1207 grade (APECAhHE & &35lo] AFE A
steict

# 3-1. SA-1207 =4

Silicone acryl emulsion £4 SA—-1207
AN 46 %
pH 8~9
A= (cps/25C) 300
o] 273 =0l
Tg(C) 10C

7|5 2 R = =8 AR 4S5t Ho| AFEEI 9= Rutil type? TiO2&
oF 20 wt %9 A AT EAZA WaterE oF 15 % A5t AL, 7|EF H7t

Az APtR U APAE F 45 %S ALGI 7B =RE AR sk W7t

-

ARe= AEA 0.2 wt %, cellulosed SFHA 0.26 wt %, F+tA 0.5 wt %, A
A 0.7 wt %, H8A 0.7 wt % pH ZAA @ A Ame] AYRE wastel
FEF B0 AW AR =2 Ee 94 A, =Rel Azt B3 494 3
53t & otmol 7|E UARE oF 2,000 RPM i
N @ e wol AAA 5 £
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3. E2o g % ;A A% YAR A4 L wge =2

18 4G AAR AHLS 9t 4 AW AWAE B 4D A% a7t
g WYtk 2 % vl AHRe) Ag4, mure Asd §4 shsol R,
BAAZ 7R o 5 nestd F 37kA 9ARE Agstac gEgel u

Aty 24d g EFugs  YAEE ECKARTAIA Az HojFdl
SHINEDECOR 3500 %7 44 dFu|E PASTEE #gdto] AF vigdel 4&
shela AR WAl H olgE A RAFCl  MERCKAFS] SOLARFLAIR 9875

GRADES®} 3MAFS] GLASS BUBBLE %% ¢F& % 5500 GRADE & AFE-35to] A
ot

23 MBS AT B AT

)

2 AP

L.

2

I 3-2. SOLARFLAIR 9875(MERCKA}) 7|2 =4

T =734
Mica 35~44 %
TiOq9 95~61 %
A
SnOq 0~1 %
ZI‘Oz 1~3 %
pH value 4~7(10 % aqueous slurry)
Paticle size 5~25 um 80 %

# 3-3. VS 5500 GLASS BUBBLE@BM) 7|2 =4

L EER
AE Soda—lime—borosilicate glass
Oil absorption 31~36 %
Flotation(density<1.0 g/cc) >90 %(in volume)
pH 9.5 (5 % loading in water)
pH value 4~17
Paticle size 75 um 90 %
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# 3-4. SHINEDECOR 3500 7|2 =4

T =84
Pigment base Stapa Hydoxal DC 3500
Particle size 35 um
Pigment value 55 %

effect—/colour shade brilliant silver bright

Ui Rh AR 71 wiRke] 2R Qb R 20 %ol ZF 25, 50, 100 % AR
A AT, WE Az 2+ AES WS,
H 35 XY otz ZTRY HAs AL AR WHE
TiOy (Millanium) 71& ZHA otw
- 2t A & |shinedeco3500(ECKART)| 30| paste
H7
o . p—
aol %5 | Solarflair9875(MERCK) |12 @] AdtA} Hota
Glass bubble(3M) TEUR
2| 2+ (%) 0, 25, 50, 100
- A AFREAE-(200~2500 nm) — UV/Vis—NIR
87t Spectrophotometer
35

EHIRAR B

(2) ZHOA WAL 24 kR HS b
HOH WhAF Mebe ZA ohEo] MAPE UAWALE(TSR) 2 4SS
3 shgiet.

g8t g

ol AFESE Aol whAl Alebe) 2ot R = ZA LA HHARGER Al Z]EolA Al

=
F9 %7 HREIY FF L AE FFUL v AF
A 3|

0] A+9] Metal Oxide (&2 hydroxide 5)& 1,000 'C A3 9] 1120 A

&3l Spinel &2 Rutile &2 - 4AH o A4 +=2E

A S AW ohEolth, Ade] AHgd C.LP ¢hEY Metal
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.

AR Az " AR

1) AgA A=k
a9 3-5 ~18 3-73F o

0]
A7

Azke] At

% 35 AldHE A A
(2) A=
7hH) YAF HEARS AJE(UV-VIS NIR Spectrophotometer)
£Rol A A5 £ HUd BAY WAL A5S B wnd % & 9
o, Bl HAI VLSS JIS A 5750014 WSl Sme} Agel Swof v
2 golelel 2 apgel B MALRS 24 S0l R Ao] UAL MALRS Al
gty UAMEAES &3] TSR(Total Solar reflectance)©]|2tile sh=4 o= &
qol 7 s WAES 25l ouA W AZAE Agshel Total MHAL
88 #AHW QOB £A7F BE4E AU W AAL s A8 )
g,
2500
S I EM (M) AN
300
Pe 2500
Y IEAAN
300
JAF BEARE, EN 0 LAY 2 229 gh (W) 1 E3HEEA
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H Ao E 19 3-831F & Perkin—elmerA}?] Lamda950(Wavelength
range . 175~3,300 nm) UV-VIS—NIR Spectrophotomete(ZAt] RIC AlE)E
Agelol 7 ahgdE BB MAES FAANUL, AT 4 BwE B UAS
Al

DATAZ TZASE AET QA WAL A4Ao] thstel LA} ua

Arstsiet,

-

o
& W

o

e
¢
[00]
ue
el
=
z
Mo
a2
=
jo
do
o

&= Al ==(shepherdAl M& XI&)
a} &F T} R}F 1} &R a} AF
-(L;HS EN-AN (nm) -(’J;mc; EN-AN —(Lrtmc; EN-AN -(Lrtmci
305 |0,0001) 510 |0.0157| 832 |0.0066| 1320 |0
310 |0.0001| 520 |0.0153| 840 0.008 | 1350 |0
315 |0.0004| 530 |0.0153| 860 |0,0194| 1395 |0
320 10,0007 540 |0.0156| 880 |0.0191| 1443 |0
325 10,0011 550 |0.0156| 905 0.021 | 1463 |0
330 |0.,0016) 570 |0.,0306| 915 |0.0071| 1478 |0
335 |0.0019| 590 0.029 925 |0.0068| 1498 |0,0029| 2450 10,0037
340 10,0021 610 [0,0288| 930 .0027| 1521 |0.0051| 2494 |0,0009
345 10,0022 630 |0.0292| 937 .0023| 1539 |0.0051| 2537 |0,0005
0
0
0
0
0
0
0
0

EN-AN

.0099| 2065 |0.0023
.0043| 2100 |0.0027
.0008| 2148 |0.0041
.0013| 2198 |0.0038
.0016| 2270 |0.0051
.0015] 2360 | 0,006

350 10.0023| 650 |0.0285| 948 .0032| 1558 .00583| 2941 |0.0015
360 | 0.005 670 |0.0281| 965 .0071) 1578 .0052| 2973 |0.0002
370 10.0059| 690 |0.0253| 980 .0088| 1592 .0034| 3005 |0.0002
380 10.0069| 710 |0.0244| 994 .0094| 1610 .0043| 3056 |0.0003
390 10,0072 718 |0.0093| 1041 .0334| 1630 .0047| 3132 |0.0003
400 |0,0087| 724 |0.0066| 1070 .0199| 1646 .0038| 3156 |0.0003

.0073| 3204 |0.0005
420 |0.0117| 753 0.015 | 1121 .0052| 1741 .0122] 3245 |0.0001
430 |0.0113| 758 |0.0059| 1131 .0015| 1800 | 0,006 | 3318 |0.0006
440 |0.0119| 763 |0.0046| 1138 .0011| 1860 | 0,001 | 3344 |0.0002

450 |0.0141) 768 |0.0042] 1161
460 |0.0157| 780 |0.0135| 1180
470 10.0159| 800 |0.0221) 2000
480 0.016 816 | 0.0155| 1235
490 [0.0158| 824 |0.0063| 1290
500 |0.0155

.0057] 1920 |0.,0001| 3450 |0.0009
.0076| 1960 |0.0005| 3573 |0.0015
.0088| 1985 |0,0014| 3765 |0.0021
.0158 | 2005 |0.0012| 4045 [0.0024
.0246| 2035 |0,0019| 4095 |0.0002

0
0
0
0
0
0
0
0
410 |0.0108| 740 ]0.0176| 1100 |0.0158| 1679
0
0
0
0
0
0
0
0
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Z9(C) 658 | 85 | 87.8 | 97.4
GREEN 620(7] %)
WE(C)| 42,3 | 49.2 | 50.1 | 54.7
GREEN

H
=1
#H(C)| 65.8 | 81.9 87 97.3

C.I.P GREEN 179
WE(C)| 42,83 | 45,7 | 49,3 | 53.4
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u. Al

(1) 24 T4 AE

2% 3-29 9 29 3-302 Aot A7 W AR X mES vehd Aol
o &1 g4 AERE Ak ol AW AXSon 6o sEats 140
MJ/m'E 600 AI7H Beb XA} sl AT 14 Foke] AT 280 MI/mE A
glato] 1,200 AIZHESE 280 MJ/me] RS ZAF A 274K SE0® sho] A
AN A st @A A AR T Atk olu, Aol AWIIE o83}

102+ 2AF & 182 2AF B = 2% sh= AoR=

a7 3-30. FT WM Al MR 25
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(2) B7] &9 Z= A4

a9 3-312 A7 ZF2 AW 9 AR AR 2GS UEd Joln A &9
Z82 A S KS D 00600 Fal= Ao stglon, A REE vl H], d
o AAdAel or e AAY Y HF2sho] Feletd FHe FARSE
At Skt F2Ye] Ae M HERe] 9% Ue 42 A5
Aldst7| = st 2 AldolA = ol E QEe VhASte] AEE A4e® At
= AeR sfley, S47|0e 190 dAs A

ozl 3-31.

2| Z=AE XM

aE 3-32.

2| Z2AY AR dX 25
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FAol ‘ARY Aol 7140 TS wot U ok FEH R WIHE A
oltt, £AE FEF UwTxEo] ofd MY TxES AAH, o= B
of 9L wob vtw ®= wabyl Myt whebA Ztel A 1% 3-33%)
e AT 9 A7) &9 ZRAPS F3 AR o md MRS £F
sl 1 A ® 3-173F Zo] TR ARl thet MA} gro] 30]5HE w3}
AL 1T AN ERE AU £79 49 120047HE =&t 1.50]3t2 1
B, $oZ22 197 & APAEE 1087 Uy WEgo] S5 As &
ook

a’,b* chromaticity diagram

Rapresentation of color sold
for L*a"b" color space
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E 317 57 2 SERAE MAA B SHZED
A ZF(AE*ab)

72 Ay =3 29 2

600h 1200h 1 year
ABA 0.53 0.96 0.79
Tk} A &B 0.48 1.13 0.86
R A|&C 0.50 1.57 1.05
A &ED 0.47 1.34 1.0
A BA 1.35 2.62 1.52
oy} A 2B 0.97 1.88 1.12
it A&C 1.08 2.56 1.59
A 2D 1.46 2.99 1.64
AA} 1.57 3.12 1.36
BA} 1.62 2.85 1.09
I PARE] CA} 2.06 4.42 1.96
A& DA} 1.11 2.15 0.95
EA} 1.96 2.74 1.13
FA} 1.55 2.92 0.86
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A3 A gddd 4 dALAY EX HE

1 9HaRY 7| 2R EH 2

37t

. 4E44E Z3YE Hd9 7|2 T4 A=
& 4= A3 AWE #jd9o AR E AWE, JfAF FAuRE 32 &
Ae 5ol 972 9ot
21 A TH Al A MIAFE Ex
2 & & 1 0PC
Al Yy __’ 2 & : 3.15 g/cn’
ol A Py § ST @ 3390 on’/g
e ATy AMEE : 0.820
WL Kcal/m - h'C
&&= 0.5~2 mm
=) o
A EXI= 2 mm
AMCE :0.73 Wm- K
Il
= - 2 1 Si0 95 %, Al03
=)
= | . ; 2.01 %, Fe:0; 0.87 %
| ol o 9 < :2.90 g/cm®
AN .
Mol 5 S5 ;3,597 on/g
2
|
- CE48 1 2.88%
==X 177 C
2
) 9 T :0.01~0.04 g/em®
g AXTE : 0.028~0.043
z Kcal/m - hC
” Jl B &40 HO|
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E3H Agd v ZgA HE, HlkAdo] v|E, ulo|a g HelolE 3 H|

=7 ok 2 Aol = Zdze B4 £4 9 98y B4 HEE §9to T
AT dd WY 22 stz gt
afo] 2 ARZ 54
= - %P4 FETAL FH YTt
LS e 4% 2
H| = e QQE 20~30mm, HUx 0 20g/cm
o A A A LAt ot FAEER
A Zatolof Al AFe] oF 2% Hw HAY
. o IuiPA FHo| F5 st A A
. 2 ETo] of et AL
s fEA FETAY FHE HAE=TH
u= e A% Bel
P Tr g " | e (]):]E 20~301m, =i O_Z5g/CH13
ufol o Hopo|lEF wholAE URE ThE A
= Hato], Yt dof| AeAsigtEo] 3
5o B = Colse Cell FEHZ E354809]
Hom, f5dol =5
o]r:'
o YHEZF SYHE oY mpolaE 7F
= 31
° o2 o glo] ¥e dHELY T}HA
Hl= o, g W BeRNIt $49
ThA-100=)_DiRE gl LB R F 3w ’
e % 5~160mm, Wk 0.20g/cw

a2 3-36 MetY EZuE ERY S4
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E 320, oY crdujd fEATel J|EN S4

Ll

ot

e P = Aol g (kg/m”)
27 (%) |(kg/m®)| Cc |SC|WS| P | F | V | PL|CB |EPS
- 0 434 |620|691|30 (15| 7 | 0| 0] 0] O
\% 2 430 |613|671|30 (15| 7 |14 0| 0| O
v 4 425 606|650 29 | 15| 7 |27 0 | 0 | O
\% 6 420 |600|629| 29 |14 | 7 [40| 0 | O | O
% 8 415 |593]609| 28 |14 | 7 |53 0 | 0| O
\% 10 411 |587|589| 28 |14 | 7 |65 0 | 0 | O
PL 2 414 |590|646|28 |14 | 7 | 0 |13 0| 0
PL 4 395 [564|605(27 |14 | 7 | 0 25| 0| O
PL 6 378 [539|566(26 13| 6 | 0 | 36| 0 | O
PL 8 362 |517|531(25 12| 6 | 0 |46 | 0 | ©
PL 10 348 [496/499| 24 |12 | 6 | 0 | 55| 0 | O
CB 2 414 |590|646|28 |14 | 7 | 0|0 13| 0
CB 4 395 [564|605(27 |14 | 7 | 0] 0 |25] 0
CB 6 378 [539|566(26 13| 6 | 0 | 0 |36 0
CB 8 362 |[517|531( 25|12 | 6 | 0 | O | 46| 0
CB 10 348 [496/499| 24 12| 6 | 0 | 0 | 55| 0O
EPS 0.2 | 420 |600|668|29 (14| 7 | O | 0 | O | 1
EPS 0.4 | 406 |581|644| 28|14 | 7 | 0| 0 | O | 3
EPS 0.6 | 394 [562(624|27 |13 | 7 | 0| 0| O
EPS 0.8 | 382 |545/604|26|13| 7| 0| 0] 0] 5
EPS 1.0 | 371 (529|585 25|13 |6 | 0| 0| 0|6
V+PL 3+3 | 402 |574|602| 28 |14 | 7 | 11|19 | 0 | O
V+CB 3+3 | 402 |574|602| 28 |14 | 7 |11 ]| 0 | 19| 0
PL+CB | 3+3 | 378 |539(566| 26 | 13| 6 | 0 |18 |18 | 0
V+PL+CB |2+2+2| 394 [562|590( 27 |13 | 7 | 7 | 13|13 ] 0
C: AWE, SC : HAH WS : 334, P: HXZ F : PPAS, V . A4,
PL : "Halo]E, CB : Algtun|=, EPS : @EZEZg| A
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(4) 874= Ad
FHE AP KS L IS0 679 AMES F& AY B, o Ao wet 1
3-419} 7Fo] 40%40%160 mn Z7]9] AHHZS o] gaste] 7HAYZ 100 m 3}

I, FAALY FdE 5010 N/s9| ate&HER Alstste]l HdateS okt

A% (MPa) = Z W3S (V) X 0.00234 (mm?)
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(2) d=TE

®3-23 9 E 3-24% JEZE WAENE bl Ho|L, 1Y 3-48 ~ 17

(¢ @ MPa)
2| &8 (%)
ddAaA F7F
0 2 4 6 8 10
A% 28 00 | 25.20 | 23.40 | 20,90 | 18.80
PL 28 70 | 27.50 | 24.00 | 20,70 | 20,40
CB 27.00 | 26,00 | 25.00 | 24.30 | 22.10
28.00 -
2] &8 (%)
EPS 0.2 0.4 0.6 0.8 1.0
20.50 | 17,90 | 15,00 | 12.40 | 10.60

I 324, AFLE A= 2)

(&9l © MPa)

A 2o B A &E (%)

0 V+PL=3+3 | V+CB=3+3 |PL+CB=3+4+3| V+PL+CB=2+2+2

28.0 23.7 242 24.5 24 .2
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Plain V+PL V+CB PL+CB V+PL+CB

a2 3-50. HE A ztol wE AFELEZ(AE=E 2)

_91_



(9] : kecal/h'm-C)

10

CB

EPS

0.378

0.392 0.334 | 0.329

0.398 0.260 | 0,230

0.389 0.277 | 0.231

0.2 0.4 0.8 1.0

0.258 | 0,247 | 0.209 | 0.165 | 0,141

(tF2] : kecal/h'm-C)

A

V+PL=3+3

V+CB=3+3 |PL+CB=3+3| V+PL+CB=2+2+2

0.378

0.317

0.329

0.344 0.325
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HMARL| ALEo wE v g

chod

sl w AP (cg/m)
(kg/m”)| o | sc | ws | P F | RC
434 | 620 | 691 | 30 | 15 | 7 -
436 | 622 | 625 | 30 | 15 | 7 | 69
437 | 625 | 558 | 30 | 15 | 8 | 139
439 | 627 | 490 | 30 | 15 | 8 | 210
441 | 629 | 421 | 30 | 15 | 8 | 281
442 | 631 | 352 | 30 | 15 | 8 | 352

=

Jﬂ‘l

D GFAE, WS L 3 A, P "HXE, F D PPAS, RC B E
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% ~
=4
Moving
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Temperature
/§}:< ? O O/ controller
- | \
e +—MCT detector \—k\ Optical mirror
FT-IR Furnace Sample

a7 3-56. MM HAtE FEII|(FT-IR)e #x=&

Blackbody Optical mirror

FT-IR

Specimen
furnace

A

Temperature controller

J8 3-57. FT-IR &3 7|
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ol Algor M 9dHFORL Aspergillus niger ATCC 9642,
Penicillium pinophilum ATCC 11797, Chaetomium globosum ATCC 6205,
Gliosiadium virens ATCC 9645, Aureobasidium pullulans ATCC 152339 &

o] BEFE AT,
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IE A& (%)
0 10 20 30 40 50
8.60 7.60 7.30 6.80 6.50 6.20
12
10
8
o
(A
2 6
H
0
w4
2
O 1 1 1 1 1 1
0 10 20 30 40 50
BE XES(%)
a2l 3-58. EE X| &0 E AT

- 101 -



gl

S

Wb F&Z=
% 3-302 UEFE PYHARES e Eoln, 19 3-59 FE e o
A&A=E Uehd 2o}, PPl AR FEO| AFhgo] F71ES
&4 =L Ast 4FS deErf gl
E 3-30. o4HZE Horzm
(&9 MPa)
Y= EAL®)
0 10 20 30 40 50
28.00 27.00 25.00 24 .00 22.00 20,00
40
35
30
S 251
a
=
‘U'_T 20 F
"0
W15
ol
10
5 -
O 1 1 1 1 1 1
0 10 20 30 40 50
BE XE2(%)
J% 3-59. 2 E x[g20 mE AFRLE

- 102 -



(th d4 Q4 &

9 3-602 FT-IR Spectrometers ©]-83F Black Body tjH] A Z21E e
W Aot ZAARL FE ABE 50 %] 4

$2 YHOE ZHLE 40 T, %
Ao 5 ~ 20 me] AR ZAL ANstgon], oy UM YEFoR

HhAbo| Y X = 3,74%X102 W/m'E eyt

40+

Emission Power(mez.m)
] 8
L 1

=
1

2 3-60. ZrAtoll LA X2k AL A nt

- 103 -



= 19 3-613

W d Alde=

—61.

= 3

- 104 -



3

E

gaddel 5§

=
=

oWy

MC

’

3L

=
=

P

15
15
15
15

=,

AF(kg)
PL
50
50
50
50
getol

SC
390
350
310
270

- 105 -

© 34, PL

RC
360
400
440
480

A

212
210
212
212
. AL WS

(kg)

MC

R
N o
1@1 e Ny
NY . i o
T il
3w i H R4
™ T A H o Re o of
» N B L L )
" No Boom ok m o
© e e
ol o
i o < ™
e ™ . & .
= . % o
w8 B i 2
= y ,_ﬂol e i o
oy S X NJo -
B W_ A i =
3 N ) ol H_ﬁu Jo
= L BT o <0
B~ T -
. n,_a ,L”uruo ,mwo AI | 5 . E._ ,7|,._ _
Qo o oy A of |©° T | = ol <N
0 X ~o | o Ay K- 3
T Nd !
ol FA 75 a 7 |~ AL A A~
o T X BB o | o | T » OF R0
o T i 3 © a s
m o e . 7o LM ST SR
S ) ~ o OF o
T T o il < ~ D Qg ol
w P Q! Z0 v o @
(A~ BT o : —
I ~
Al Mw i RO = T g
ooy W I M T E
B o oFf ™ o I o
B ToZs
T om o) " ©
7o 3N
T = A R

(%)
10
20
30

3 E, SC

A7)
RC
RC
RC
RC

RC



(Ha 73 (& o5

o
O 362 FEEM MxEsd

- 106 -



J
=
=

o
=
[¢)

30

20
Z7hE{%)

- 107 -

10

N
0
S 2
S R A
iy Ho oF = ol 9| 3| o
LI BB EHEEE
" m m ® g g B ’
" ,_qul % ~—
HA w oS . /
° G = o
Moo gy BT
70 ol 5o %E = ol zZ| 2| =5
| > — : .
% O S RNV w| Q] =] 4
iy Nfo oo_é o7 o o &o A
T~ B
W n No o B T M.A_u ol 5] |8 ©
N 2o o0 T W W U Rl S B
- o o o W w
pi¥ T oo RN -
K = i W oE W b o
= S X w Ke o N B Y- T %
R B g N I I g
ool C ol
oo PR oET oy @
T \m.‘b 70 q =y 17r0 _.=__| . 18
o] —_— o h: o =] (=] o o o
0 E,Awg%w@ﬁ R Elllsls L el
T i AL BT z 252 CdWTRR
NN kT 3 TH < 20
raa oo M o N I o Wb Mw ¥
,_L.ﬁ ~ NO ™ ~o
m_. wm Wi A o e i N ‘27? o | Fm
o e ol o ™ TP Ao
g Hoop T o4 ow W i °
M oo o o

BN

3_
9]

0.0



20.0

@
H ol
N < u
K i o
o of S iy 2 up
(] — - L] __”-_
5 ) £ = ®
oo 2 = Lo
N W O B
Ko Klo i Ko =
w0 W~ W
o N fofd Klo il
g W 15y .
3 > ©
™ il f
5 il o M 8 s M
N M o a o =) o o n o
@ bl 9 ] 0 [=] i 5 o = o 5|
H m u [=] (] ('] ~ ~ ~ —

CdWSRER eI &8 (W/B) 5 @

- 108 -



©
(o
)
fo
2
oL
i
o

2 2A42x 40 C, A0 5~20 me] Aoz =HS AA st on, oju ¢
A HWEFHozZ HWAYA L= ZHzE 3.61X102, 3.70X102, 3.64X102,
3.66<102 W/m'Z2 Yety FE X3hg F7to mE YA A wEF njA =
gFo] A9 gle AoE UET
¥ 3-34. MM dr=zf
(F9 - w/m)
FE S7HE(%)
0 10 20 30
3.61x10° 3.70X10? 3.64x10” 3.66x10”
400
_.;;350
%‘ 300
ﬁ 250
20 300
pal
ﬁ 150
?-FJ 100
50
a T T 1
a 10 20 30

ZESIHE(%)

a3 3-67. LAt X2k AL At

- 109 -



‘I_

A4 d RNEAA 4 dEgd EA HE
gadd 7Y dHLA dES Fokel B4 ¢E GuuEY AL 9@
=4 PEsta,

L & Bddde) 7|2y B4 AE
A AT dALA) Rt HGAPS o AA FEHLe] A5
daagE W4, 3 Aoy us, BepolEE ARsgon, U4 FEANS
Folel E4E AEstgc
o wdshd ARE A AEANES E 3-35 L E 3-367 2ok WA, 1
Y 3-687 ol WMo M4 WUYE HIFSHS wetets] 9
5050 me Azbub Fejeh ARMANA AFEHE FHYE Ha moom
160%50 me] =7le] F Y FFE A AU AgsEon], FEHP T
2Z/1PS AN FALAE DA (IS V), BetoE(olst PL), FF A
2hu) W= (o]3} CB)S o5& Aol WEAel UF Rulul= 3 % AT
PAGROR WAE, AL, FHE L Po|Wsee ZFstuon, 4PADY
BAXEL  KS F 4735 4EHF 2AYE 9, o 4571ED vwn-gts

=

- 111 -



o

0.12 o]
=

B

[¢

18.0 ©]

]_

=

232 E gidel 7|F
(kg/m’)
2 000 ©°]3
160mm

o

24

o}
=

14
-

(MPa)
Og 3-68. 2y oHHufd AIME A

dufd AlH

I

H C
—

-

3-35. 2

v
ar

3-36. KS F 4735

il
T
H o B
NS R )
o ol fojn U
5-
=K L. T
—~ Yo C o0
E_H %\ [— H —
o @ + o e
0 )
] Il aa)]
B @ i n_m m.l m_.u + m.l
— —
W > B o> > mn >
<Jo
,,._mo
~ % N
oo T
PR E L om
m° 0° M ~ —
=o — -~ X
= ~ ~
50 Ko 0 0m oF
=0
51 O O ©
Fo O
~X o o
o {1 © &
o
<
s X
= 2
1(—1\ —
0
X )
Lo
X
o
Lo

v

AL

7h ARA AF " AR

=

- 112 -



=715 ©l83te] 5050 mo] ARzpup e 8l 160x50 me| FFud FEHZ A2}
sttt Al Alztol AHEE dE7Ie 7 100 me] AFehE HFVIRA L8

o] 1412} A Eolc},

I 3-37. &&E dd7|e M

Al
4] 9 74 224 4&7]/F7 100 mm
AAEl A | f-85F 15 Liter OMNI mixer, RPM 800
A E A 4% 30 Liter sigma type mixer

a7 3-71. sHEud AR

- 113 -



74§ 2eF7IPAVI A BAZHE 80 CHX & 3 54

=

.
>
=
[N |
£z
o
=r
L
$
=
o
£
-
[E]
L
8
=
(=]
P
-
(o]
()
o
[
[N |

- 114 -



(3) =
50x50 mme] Abztul HEje] AL KS L ISO 679 A|HIES 7
Aol whak ShA AT Al Zom ) 160x<50 me| FFuid FEe ¢

=
KS F 4735 4% AY maAE 99, o A uel 2gsAt. 5 den

FUH HEUS ol§3tel Are 400 m, ABREE 5 m/min® HEFLEE A
ststol HdjstEe ot

- 115 -



ojn

ZAE g, of qtgol met

[¢]

€

'KS F 4735 ¢+=

o

Ul
o

A7 3

]

Z
T1

15~25 Cm9o] 9 &0 24417

=
=

I oo] ARFAE F7] Ax7]e] Wi 105%5 ColA dA3t Asge] 7|74 =

dol Aertx Wzt

S dlAATE o

=

I

- 116 -



& AFe KS F 4735 4% AW ZaeE W, o 7R uet
CARAE B Azl Yol 1 LEE 105+5 T2 §AShE,

T depgaoR 25T dAAClH A Yo A2zt d4

o)

i

I
A=
doh Al@AS w=AE7E oF 140 mm7F HE=E A § 1/500 mm o4 A

il

=5 Ze FHIOlHE ARgste] 2013 Co Eof IAs7] A3 waAE

g 3-80. 27| % 3-81. 3ol

e oo oot e oy EEA 0] (mim) — 212 2] (mm)
Fol el @ el sk (%) = = oo =X 100

- 117 -



H
K

(1 7=

4

L

__OE

H

ol

E g, o fAolA= o

)},

b g

|

oA

s 7]F& 14 MPa ojo =

T

°
il

o

|

°f

ojtt, 1% 3-822 At

3

208 ek

e}
=

f

[0

Mo
B
)
)

et

el
o]
H

]

53
4

oJ .

Mo

of

WA, Az @

wjp

70
ol
HH

wjp

n_mo
B

Pl BE KS 7]2S WEA7|A

°

= d7E A<

o}

o

]

o, uebA

ol

(&% © MPa)

0
=
Ho
Nfo

A2

E
o

4
B
e

15,02
12,30
11,27
11,20
10.93
10.62
11,97
12,67

19,58
19.90
18,40
19.85
18.90
20,15
18.35
21.05
- 118 -

Plain
PL
CB
V+PL
V+CB
PL+CB
V+PL+CB




v L (B WhL V+CB PLtCB V4PL+CB

Plzin

ol

H
~NO
Tofd

up

7ol

K1

oK

=
T

gejol pEan 5

7 3-82. AbztH}

v L ] VBL Y+CB PL+CE  ViPL+CB

Plain

|

- 119 -



of FHAALE olo] Bt 4% 712L 2,000 ke/m osl2 WAST U}
H 3-30% UE AYPARE vl ®oln, 19 3-84& ddaA FF L =
ol ThE WS by aeLelth dAAAE AT A WEE tha Fas)
Logdade S44 EYA R NUEs} A

E
AAstH, sopdtd FHoz dAZE Yo s Tdste Ao
c}

ddad FF % =2 e (kg/m)

Plain 1,864

\4 1,852

PL 1,795

CB 1,770

V+PL 1,821

V+CB 1,820
PL+CB 1,770
V+PL+CB 1,816

- 120 -



=

PL+CB  V+PL+CB

v PL CB V+PL V+CB

Plain

K{o

- 121



H3 Az

7}

A

of

A5k,

=
T

2ol jEs Yo

=
.

& A A

)}

o

at

5t

P2 A

5

ds 7= 18.0 % ©|

T

5]
pie

AA = ol

L)
P
=)

mjw

bl
oo

of
olm

ol
o

F

foln
)

ol

Nd

D (kg/m)

5.48

6.52

8.68

8.47

7.99

7.91

8.44

7.52

1
N
K

mE
Mo

4
B
)

Plain

PL

CB

V+PL

V+CB

PL+CB

V+PL+CB

- 122 -



PL+CB  V+PL+CB

V+CB

V+PL

Ch

PL

v

Plain

Ofl
o[
)

ol

K1

oK

Ko

- 1238 -



of & AlE2 dojol st

N
-
¥

T

ol % At et
ol A AR dAgHezA oulsl feh wetA ojo] df

L

#) o]

7

e

.EH

A

o
&

—_
o

ﬂmo

0.12 % ol3l=Z

ol
©

o
H

il

ot

o

M

E

AME )

=
—

iAo A ghof w

)

2B Zdoj¥sks 7|& 0.12 %olWe] 2

"oy, Iy KSof| WA

)

B

M

‘—”‘u‘

P whebd Ao AR

5|

shEo] =

5ol e dolHska (%)

0.035

0.038

0.054

0.059

0.048

0.046

0.061

0.043

L,

;OH_
N
K
i
Mo

<
B
o

Plain

PL

CB

V+PL

V+CB

PL+CB

V+PL+CB

- 124 -



PL+CB  V+PL+CB

v PL 8] V+PL V+CB

Plain

o

Klo

- 125 -



2. ¢t= 9E9d9 EA HE

7 st 54

(1) AEAe

oA AW BAaA ) W AAE ARS F 27 RS ) 2

s AEstrt

ou waldd AAE A% APALNES E 3-42 2 E 3449} 2T WA,
g HHE g4E A%

ol
S
5
AN
lo
U
N
oL
o
ach
)

V)!
BgEoR HRE, UE, F48& U 34 AP Zsgon,
2ol TKS F 4735 &AW ZAYE W4, o

T 342, &t= chd o Al
Brhal
z §]_o .Ti:]7 =
dagLx =5 oF A H}HH |2H&/S |8
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\ (50%X50) S YA 1247 050, o
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L - )
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gd [ZXEE W Al g (kg/m')
24 | (%) |(kg/m)| C | SC | WS | P F | MC | V | PL
Plain | 0 280 | 380 | 400 | 25 | 15 6 5 0 0
\Y% 10 280 | 380|360 | 0 15 6 6 | 40 | O
\Y% 25 285 | 380 | 300 | 0 15 6 6 | 100 O
\Y% 50 290 | 380|200 | O 15 6 6 | 200 O
\Y% 75 300 | 380|100 | O 15 6 6 | 300 O
PL 10 280 | 380|360 | 0 15 6 6 0 | 40
PL 25 290 | 380|300 O 15 6 6 0 | 100
PL 50 300 | 380|200 | O 15 6 6 0 | 200
PL 75 320 | 380|100 | O 15 6 6 0 | 300
PV 10 280 | 380|360 | 0 15 6 6 | 20 | 20
PV 25 285 | 380 | 300 | O 15 6 6 | 50 | 50
PV 50 290 | 380|200 O 15 6 6 | 100 | 100
PV 75 300 | 380|100 | O 15 6 6 | 150 | 150
C: AHIE, SC : §fAF WS : #3]4, P : HXZ F : PPAS, vV : A4,
MC @ FH8A, PL : Heto]E, PV : Hefo|E+4 4
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¥ 3-45. 2y ctHmid AN E2| S2|d §M Al Z 3}
g T L 23 (A =EMPa)| Bx(kg/m) | SFFE(%R)
Plain 14.6 1.80 9.4
a4 15.2 1.80 11,67
10% ZHalo|E 1.1 1.59 12.59
(2 3H&/9) i : : :
A4 +Hglo| E 12.1 1.75 1011
2] A 9.6 1.69 14,28
25% Halo| E 9.8 1.41 15.65
(X 3H&/9) I : : :
A +Helo| E 9.4 1.61 13.17
2 4 7.5 1.45 17.58
>0% Halo| E 4.7 1.09 18.64
(2 3H&/9) I : : :
X +Hao|E 5.4 1.42 16.75
xRS 2.9 1.12 19.92
75% —
e HalolE 1.2 0.91 20.97
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(2) Al

Bowing test Al®S CEN/TC 246 WGo| A@HR(ehoez Aot Aol
"Natural stones test methods: Determination of the resistance of marble to
thermal and moisture cycling"of| wa} Al &3t}
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Insulation
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Filter cloth

Grating

% 3-91. Al ER 2
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a2l 3-95. Bowing test Cycle
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E3,  FAE FEASE HE7] Yske] BS EN 12372 "Natural stone
test methods— Determination of flexural strength under concentrated load"
o] #3}o] Bowing testE 3FA| && AJHA 872t Bowing test 50cycle A8 &
o AlEA 87l diste] BAE Al AATsEA T

A74E APAA ASEE (V) ol A(2)0] o8] A4ste] 1 176 N/mino
= dAstRen, e AgAL AtA s 340 m2 29 5o yERd Za ol
F9W PR AWS A B3, BFEE suAe] Y BatEe 4E)
= o]&3t Aitstd o, ot el 4 (4)E ©o|&3ste] Bowing test £ FE A
she Bha,

ok

o
=

_ 2abh*
%4 3] (N/s) === —— (2)
A7IA, V: A E (V/s)
a: A% (MPa/s), (0.25+0.056MPa/s— 0.25MPa/s 22 7))
b: A& A 2 (mm)(100mm)
h: NG AF2 (mm), (30mm, 40mm, 50mm)
1: A2+A 9 (mm), (340mm=EAAA)
3F
e (3)
A7V, Ry B %= N/ mm?)
F: 93315 (V)
1 AZAE (mm), (340mm)
b: A A Z (mm)
h: A1 A FA (mm)
AF= ”F ~X 100 ———————————————————————— (4)

A7NA AF: B = ASE (%)
F,: Bowing test n3 5= (50 Cycle )3 2] B4 (N/mm?)
Fo: AR AN FA ] B (N mm?)
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(3) ANddx 9 &4

F7 20 o] Plain W A4 Hefo|E AA+Hto|ES YTt & E df
skl WeAE fRFo] wE 8FFY AldAAel wHste] European Research
Program®| ¢1-ZA1} Draft(Qh) A|@HHo| Fsto] HAISHAL, Bowing test 5AFO]
= uitlo] &9 bowing S ¥ 3-47 ~ ¥ 3-50 ¥ 19 3-97 ~ 19
3-1000°] Y-EF AT

dEdY &9 FFol kA Y Bowing value(mm/m)-> Plain®] 7 500
m/m, A4S £ AS 1.94 m/m, HO]ES EY3F AL 530 m/m, A
+HeolEE &gt A$ 3.62 m/mo] Al gh& dof AN ( AA+EHPolE (
Plain {( H&}o]E £ & Bowing value(im/m)7} 57}3l= Z S 2 LERTEH

hH, Aeojo] HAAEHE dEuide difel ot Adx, &9 WHIH(H], F5X)
olsff Mol WAst= BH-E E017] fldll A= del T A H$ Plain, &
A Hefo|lE| AA+Hego|E= ZHZF 584 mn/m, 4.08 mn/m, 5.93 mm/m, 5.40
m/m= et Bowing valueZ} WA @fshA] & Bf Huh 2A UEEH H
T AeE AldAlE 27] M@ Fo]l 2A vebgar, W A AgA= AlES

%7t F7kakel wheh wWeeel F7bE glet

29 FRol wetd Plain, M4, Wepol=, WA+dEefo|EL 242 0.68%,
0.65%, 0.91%, 0.84%° FrMgo] tehron, Wi A
0.67%, 0.76%, 0.54%°] F7Mgo] tergtth A@AL Bowing test®] AT
7} F7hEel= FAMEo] 24 9ot Bowing testo] that Ggol A9 gt Ao
2 A,

¥ 3-55 ~ ¥ 3-62 ¥ 19 3-105 ~ 1Y 3-108+= Bowing test A3} 50A}
o2 A¥ Fo AWAl tet BAE ARATE tehhgln

WA, Bowing test Ao AQ AWA A9 BT BALA ] G2 BHEE
thh Aolg Hytd, BAEL HejolE ( AM+Hetol= ( A4 ( Plain w0
2 Plaino] 714 37 Uehdth B4Ae S o ARAE BaAAS 514 e A
A Bt BFEt 719 AS dehyg waxe)y

& 9

ror

_H
oyl
H1
ﬂJlﬂJ
olN
N,
>,
N
rr
pad)
o

o
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Bowing test A9} AA A@A 9} Bowing test 50 Alo]E Fo] Hw EA

fijo

B35k Bowing test 50 ARo]E o] vl A2HE AIFAS = FRFol o

&

A Plain, A4, Halo|E, AX+Halo|EX Zhzt FHREI} 26 %, 11 %, 45 %,
21 % FAsHE 2R Ueyt T4 Aod A@As 44 FAEF 19 %, 34
%, 67 %, 42 %= HH4 HE|g AFAEcE © 45t Plaing AQg Yo
AdA = HEe: A AgAe 4w A ved deAerr dEHd e
T2 d3tof| digh fAEe A FFS vA= ASR AREAY, E2AHEL

AA| 2= o HY] 2 AMGEHe 24Y Ak ojde TRste ddujdy &~
dee Tttt 2 TS jle Aoz goEn shAn o] FEof dis HA

Us 9 EaAge] g 75 Adsto] Hed 2oz 7dgH,
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—4—Plain- X- 1 —8— Plain-X-2 —& F'|E|'n-K-3|

-12.0
] 5 10 15 20 25 30 35 40 45 Eh
A& 2= (Cycle)
CHEbe AHE o)
0.0
=20
T ap
e e — =
£ N — e e
JI_.I}.U'E'D ______________________ S o e SR i _'_______*:"'_"_ e — e t
%-E.O T
00 o
—4—Plain-0-1 —®Plain-0-2 & Plain-0-3
-12.0
a 5 10 15 20 25 30 35 40 45 50
A Ezl4= (Cycle)
CHb AE )
3-97. Bowing test gt=3lof = H&E2ZF B 5HPlain)
F 3-47. ¢E 142l Bowing test A& Z ZHPlain
T
azgn | sgeia | SEEH IS S e
ABA ME | Nz Agw | Az uge | 0 DI A im 99 b R Aol
o) i ER WYY | w9l B wEe
(mm) (mm) (mm/m)
Plain - X - 1 0.59 0.01 4,78 0.08 0.07
Plain — X - 2 0.67 0.02 5.50 0.12 0.07
Plain — X - 3 0.58 0.02 4.71 0.14 0.06
Plain — O — 1 0.76 0.23 6.24 1.91 0.03
Plain — O — 2 0.67 0.18 5.44 1.50 0.07
Plain — O — 3 0.72 0.21 5.86 1.73 0.06
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= 2ZFinm/m)

I 20

120
A8zl (Cycle)

Capdbas A )

=2
B
i
[
ogt
oM
rc
Job
<

Azg | sAelZ | AzAE A1E | sAelE A% | vhe 239
g e | A1E | Im @S] A | Im 91 B4 | Mg Aol

EAEE L wgy | oawy kR MEY | wel du ugs
(m) (m) (m) () (mn/m)
V-X-1 0.24 0.06 1,96 0.51 0.31
V-X-2 0.22 0.06 1.81 0.47 0.26
V-X-3 0.25 0.06 2.04 0.52 0.28
Vv-0-1 0.49 0.20 3.97 1.65 0.05
V-0-2 0.53 0.22 4.29 1.76 0.11
vV-0-3 0.49 0.22 3.97 1,83 0.10
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—4+—PL-X-1 —®PL-X-2 —&PL-X-3 ‘

120
0 5 10 15 20 75 30 35 40 45 50
AEE2 (Cycle)
CHjda A2 o)
00 B
_20 fr e R
Ea0 | e
H e ——.
%—6_5_0 e e S e T e S e P S S S F e S i = e S = e S e e e e e -=ﬂ=.....=.=.!a
O et e s s s B B U S S S ST B e s
——PL-0-1 —B—PL-0-2 —4—PL-D-3
120
0 5 10 15 20 25 30 35 40 45 50
A&zl (Cycle)
CEb AHE )
a2 3-99. Bowing test EF=3l5of w2 BHEzF BHSHPL)
E 3-49. &t= 42| Bowing test A& ZZHPL)
AzgE | sielZ | AzAE & | sAelE A% | ukAu 29
= = SRS P o] FA e o
gaa s | JIE | 1E | m RS A | Im 99 B | R Aol
Wy ek gk ek Hy ek o9 Ak WY g
(mm) (mm) (mm) (mm) (mm/m)
PL - X -1 0.67 0.25 5.44 2.03 0.06
PL - X - 2 0.66 0.19 5.41 1.57 0.14
PL - X - 3 0.62 0.16 5.04 1.32 0.05
PL-0 -1 0.75 0.41 6.08 3.36 0.05
PL -0 - 2 0.73 0.32 5.92 2.60 0.07
PL - O - 3 0.71 0.33 5.80 2.73 0,05
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B B S

—$PV-X-1 —BPV-X-2 A PV-X-3
120
0 5 10 15 20 25 30 35 40 45 50
A B =24 (Cycle)
C b A7 o)
00 ®
b

BH = 2Fmmym)

B T e it
B
D o
——PV-0-1 —B-PV-0-2 = PV-0-3
120
0 5 10 15 20 25 30 3B 40 45 50

E 3-50. &= 2ol Bowing test AIEZ 2HPV)
A

A | sAolZ | Axa 7% B oA 23]
e A% | 1mowy g | 20012 ZIE Iy o))
AlEA W% e - T 9 Ay o s -
gy | wag MY o we A HFE
(m) (im) (1nm) (mm/m)
PV - X -1 0.43 0.03 3.51 0.02 0.11
PV - X - 2 0.45 0.06 3.66 0.48 0.17
PV - X -3 0.45 0.05 3.68 0.42 0.25
PV -0 -1 0.67 0,31 5.45 2.53 0.07
PV -0 -2 0.69 0.35 5.65 2.85 0.04
PV-0-3 | 063 0.26 5.10 2.12 0.06
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220

10

5= {nm)

220

1.0

S {mm)

200

19.0

7T 4
—+—Plain-¥-1 —B—Plain-%X-2 —+—Plain-%-3
Q 5 10 15 20 25 30 35 40 45 50
MZEl T (Cycle)
CHPEE A )
T ‘;-;-"_._.;Zé_'_'_'_' """ e R O iy
" — ;’: — B —i—'—-.a.'_-- = ———f——)
—4—Plgin-0-1 —®Plain-0-2 —+Plain-0-3
i i i 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

A8 &= (Cycle)

E 3-51. &= o 9| Bowing testoll w2 FH B 3HPlain)

Az Wy Yy Yy A= sl o =

A EA M5 7|1& Hof FA | & FA | FA X | 7E HMFE Bt \_L;E}
(mm) (mm) (mm) (mm) (%) (mm)

Plain — X - 1 19.76 19.88 19.76 0.12 0.61 19,81 0.031
Plain - X -~ 2 | 19.73 19.94 19,73 0.21 1.06 19.79 | 0.056
Plain - X -~ 8 | 19.68 19.75 19.68 0.07 0.36 19.71 | 0.027
Plain -~ 0 -~ 1 | 19.74 19.96 19.74 0.22 111 19.81 | 0.067
Plain - 0 -~ 2 | 19.70 19.93 19.70 0.23 1.17 19.75 | 0.061
Plain - 0 - 3 | 19,61 19.84 19.61 0.23 1.17 19.74 | 0,064
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M {mm)

=M {mm)

220
B S e e e
. E— g .
— = ,____-_g_ —
IGD ........................................................................
——V-X-1 —|-V-X-2 a—V-X-3
190 ; ) : : - .
0 5 10 15 20 25 30 35 40 45 50
AlEel= (Cycle)
b A )
220
TUG: e A AL e i 2 e S L s AL S L S L 2
ooz - i
R — = = g = e e — .
—— —r — 3
T R R R R R R SRS R R R R R R S PR R SR AR
—+—V-0-1 —-Y-0-2 i—V-0-3
ji : ; . : : : . . .
0 5 10 15 20 25 30 35 44 45 50
AlE3l=(Cycle)

Cd A )
H

a2l 3-102. Bowing test BF=3l o 2= S BsHV)

E 3-52. &= md 9| Bowing testoll 2 FH HsHV)

qun | A= [ wg [ owy ay [ oazad | w4 | o

. 7| ) FA | A& FA | FA X | 7E HFE Bt 3

(mm) (mm) (nm) (m) (%) (mm)

V-X-1 20.62 20.62 20.52 0.10 0.49 20.57 0.028
V-X-2| 2057 20.74 20,52 0.22 1.07 2061 | 0.061
V-X-3| 2064 20.68 20,58 0.10 0.48 20.63 | 0.029
V-0-1] 2056 20.56 20.36 0.20 0.97 2042 | 0.059
V-o0-2| 2027 20.34 20.24 0.10 0.49 2028 | 0.031
V-0-3| 2042 20.46 20.35 0.11 0.54 20.40 | 0.028
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220

e g

210 cqgeso-- S
= ——F—— 33
=
=
i
—4—PL-¥-1 —B—PL-X-2 +—PL-¥-3
190 1 1 1 1 1 1 1 1
] 5 10 15 20 25 30 35 40 45 50
A"E3= (Cycle)
CHEEeE A2l )
220
= - _—
= =t — g —
% —— 3 — — “:
i
—4—PL-0-1 -—#-PL-0-2 +—PL-0-3
190 1 1 ] 1 ] 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Al 2% (Cycle)
IS 1Y
22 3-103. Bowing test gtE 3o W= S B SHPL)
¥ 3-53. &= md9| Bowing testoll w2 FH HsHPL)
AR Azge | we K ey Az =7 iz
s Nz | A w2 | "Ha A | =A% | 1E ¥¥E | 9@ an
= (um) (mm) (m) (mm) (%) (mm) =
PL - X -1 20.85 20.91 20.83 0.08 0.38 20.86 0.026
PL - X =2 20.82 21.17 20.82 0.35 1.68 21.01 0.098
PL - X -3 20.89 20.98 20.84 0.14 0.67 20.91 0.039
PL -0 -1 20.53 20.58 20.43 0.15 0.73 20.50 0.040
PL -0 -2 20.65 20.82 20.62 0.20 0.97 20.68 0.076
PL - 0O -3 20.66 20.72 20.60 0.12 0.58 20.65 0.036
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20

210 - - - - - - - - - - -
E ——=—r=_ ==
= — —————
T
I
I- 200 i o v ] o T ] o ] s ] o ] o o o ] o e ] T o ] e o o ] o e ]
e PV-X-1 —B-PV-X-2 VX3
190 1 1 1 1 1 L 1
0 5 015 20 25 03B 0 45 50
AEEZ (Cycle)
CHlEa AHE o)
220
) e e T T R T T T R e
=
E
Lt 5 - oo J— —— - P Tt
ﬁ 1 ——= === |
L
—+-PV-0-1 —&-PY-0-2 S PV-0-3
100 | | | | | | | | i
0 5 10 15 20 2 30 I 4045 50
Mg&% (Cycle)
CHb AE )
a2l 3-104. Bowing test gt=30f w2 FH #HZHPV)
E 3-54. &= mid 9| Bowing testoll [mE FH HsHPV)
qan | AAd | w9 | = w8 | a=dd | w4 | .
tﬂni 71& Al FA | Hh FA | FA X | VE HEE ot r;}
- (mm) (mm) (mm) (mm) (%) (mm) -
PV - X -1 20.55 20.69 20.50 0.19 0.92 20.58 0.065
PV - X - 2 20.62 20.67 20.50 0.17 0.82 20.58 0.049
PV - X - 3 20.64 20.71 20.55 0.16 0.78 20.63 0.041
PV -0 -1 20.28 20.44 20.28 0.16 0.79 20.35 0.051
PV -0 - 2 20.25 20.28 20,22 0.06 0.30 20.24 0.019
PV -0 -3 20.24 20.44 20.24 0.20 0.99 20.33 0.056
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or= m{de| Bowing test &, EZ T AlEZ ZH(Plain)
- _ nysts | HAE o =
A 9 = ul 7] AP 2 EXR
= ﬂ 1_.:§- (N) (N/Hlmz) 'L]“LJ o O = [e]
Plain—X-1 1080 13.8
H] Plain—X-2 1110 14,2
=13
=
A<
-
Plain—X-3 1108 14 5
A
B o 1108 14,1
EE=HA} 0.29
Plain—0-1 1470 18.7
Plain—0-2 1450 18.5
d}
=
A<
-
Plain—0-3 1520 19.4
A
2]
oot 1480 18.9
EH2E 0.38
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E 3-56. &&= w29l Bowing test &, EZ = Al AIHPlain)
. _ nystE | "HAE =
Al S = il S AF "2l E X
]Uxﬂ Eﬂi (N) ( /mmZ) 'L‘I“L] o O =~ 1 0O
Plain—X-1 820 7.1
H] Plain—X-2 810 7.3
uf
=
A<
-
Plain—X-3 835 7.7
A
2 37 822 7.4
EHZE 0.25
Plain—0-1 1190 6.6
Plain—0-2 1170 6.6
uf
=
A<
T
Plain—0-3 1250 6.8
A
E
Ry 1203 6.7
EH2E 0.11
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a2l 3-105. Bowing teste| &
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(a) Bowing test 3d}A] &l
A g stAl S AIEA
e e AlEAe w
¥ Al #HskE(N)

(b) Bowing test d}A &ar
A shA] o2 AIEA
oF WA E A@A Y
9 Al F7 5% (N/mr)

(c) Bowing test 50A}o]Z
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o} w3 Al HstEN)
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o) 93] A 97 (N/m)
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OpR|=HEN)
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B2 (N /mif)
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Hg 4 K] w4 Az
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NEREEE
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12l 3-106. Bowing test2l
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A g stAl S AIEA
e e AlEAe w
¥ Al #HskE(N)

(b) Bowing test d}A &ar
A sk g2 AIRA|
oF drAe AlFA S 1t
¥ Al F7 = (N/mif)
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(a) Bowing test 3}A &1l
O EL R e
oF e A@Ae o

) A FalEN)

=

(b) Bowing test 3}A &ar
woA st g AEA
o WAz AEAL T
7 A B (/)

(¢c) Bowing test 50A}O|Z
39 Hr=x] 2] 8)A]
ARt g e AEA
of w3 A YEN)

[eX2Ke)
L?Js—‘C

(d) Bowing test 50AFO|Z

F9  wrAtA g
A weA e AFA

o

o] w3y Al A= (N/mr)

A Z 2HPY)



SAEHANIAZA

o

1) d3Hs

e

Z o
o=

T

o= &t

1
—

7kl A

g
BT

N

o
o
B

]

sheiet.

(LR e K

Datag A|-53d

IS

S
-

I}

of iAol Wit Fad ddol 28

20mmel 100 * 400 mm =7]E 7]E(Plain)o 2 ZHA(V), &

2ol

AR oz %7
gfol = (PL), WA+

(PV)E

E

i
=

1% = AEA )

9]

50 AbOlE7HAl T2 &

Datas A

F 7=

I
il

=] o

B
G i
~ N
B e
= E
o =
i N
<0
~ o
) 0 N =
B X S
e = K
(@]
—
{Jo X
%o of
o | @ T o off o)
s E BN I Rl
Ao X N < X
00 No Wo ™ © M_7_.m
%o o ®
= o S o W
R =S e
™
i
- 0
ﬂn =
0
= a >
% oA A

- 158 -



iy Auc z_m % Jlu =
—_ B I~ 0
M pr Nfo oy i o
"o il
oo N = T WO o iy
o oI :2 MO HO_.L T KD
bo T © o B ®
o = K
y R &l
— — ' N oF .
o qa <~ 7R mw =)
= T T )
2 oA w0 Box o
o o= @ MOX o n
a 0 X —_ ! _.l_
i oo < = m o
— o o
4 E o T 7 oW
E;‘_ ,m-M o HA_IO OF ,I—:_A|
hrld -~
2o Y F e X5 U
A U
= < U = = Y oz
0 R ._OT ~ % = :
S B o= W = X o
S = E = W o) O X =
N o X @) ;o,._
L= g m M e T R R
P - KO
S B oW ogomoe ] o R
R 5 U <
m B E No & Wo = = .
—_— = —_— —_— — _—OL 70 D
n X o SN el o
M S nk i~ HE i i
;OO <t O_H 0 m iE ;OT (ep]
of X Mu 9| LT il
B R S - S
o X MM N o) o w5 5% L
= - =n
CANE I I
< E N ETE G Ry
~ N =
& _._._o < < E_E Lt
o = o P o ®

- 159 -



250

10

35

-20

AIZHE)

a8 3-113. sZ s AlE Cycle

A F=AstE B71sH7] fste] 28l AdES sHA &2 AEA 8

Mot B AGMAIE 50cycle F AFA 87 tiste] HHE A@S AASAT

BAE= AN AstE= (V) ot e (@) ofsf A4tste] 1 176 N/mine

= AAstion, Be AAY A7ARE 340 mE 17 50 UERdH A3} 2ol

Zord AT AFS AAS G ®I, FAEE gAY o RS A(3)
A

[Abstglom, ofgfe] A(4)E ol&ste]l sEEMAE o FAE A

]o

o] 714, Vi AdtEE (N s)
a: A3t % (MPa/s), (0.25 4+ 0.05MPa/s— 0.25MPa/s % A7)
A& A Z (mm) (100mm)
A& A FA (mm), (30mm, 40mm, 50mm)
272 A 2 (mm), (340mm =4 A)

—_ >

o] 7] A, Ry B 7% (N/ mm?)
F: 3335 (N)
1: AZAY (mm), (340mm)
b: Al A Z (mm)
h: A& A FA (mm)

AN AF: BAENSE (%)
F,: Bowing test n3 5 (50Cycle )F-2] A% (N/mm?)
Fo: AR A A ) B = (N/mm?)

- 160 -



(3) NEAT 9 74

FA 20 me] Plain ¥ HA(V), Heto]E(PL), AA+Heto]E(PV)E EUT ¢
Sojdol diste] WA FHo| mE 8FFe AFA diste] KS F 2458
20080l AtE AAHHl “F& 2 Fofol Wi ZAYUEY A7 AFYRH
Z3te] A, ¥4 AFE ¥ 3-64 ~ E 3-71 1Y 3-114 ~ 1Y 3-117
of ureb STt

SAGNAE A dEHde A== dELA et oA zpolE B,

< <

Plain <=9 2 Plain©] 7}& 37|

ebte.

- 161 -



- _ nystE | "HAE o =
Al A H = al7] &EAF 9l _1;3'_
]El ﬂ 1_.:§- (N) ( /mmZ) 'L]“LJ O O s
Plain—X-1 1080 13.8
H] Plain—X-2 1110 14,2
=13
=
2~
T
Plain—X-3 1108 14.5
A
B o 1108 14,1
EHZE 0.29
Plain—0-1 1470 18.7
Plain—0-2 1450 18.5
uf
=
A<
T
Plain—0-3 1520 19.4
A
2]
Ry 1480 18.9
EH2E 0.38

- 162 -



H 3-65. &fE midel sZ8sAlY =, Ed T Al Z2HPlain
. _ sty | B ol
Al S = uly] AN E
Plain—X-1 780 9.9
H] Plain—X-2 810 10.3
a}
=
A<
T
Plain—X-3 760 9.7
A
E o 783 10.0
k=2t 0.26
Plain—0-1 1000 12.8
Plain—0-2 1020 13.0
=13
=
A<
T
Plain—0-3 1050 13.4
A
&
Ry 1023 13.0
EEHA} 0.26

- 163 -



Plain

OpR|=HEN)

2 (N /)

B2 (N /mif)

2000

1500 -

1000

500

bl A 2]

w2l

Plain-1 Plain-2 Plain-3 3 Plain-1 Plain-2 Plain-3 =3

AEHL BF

200

150

100 ~

50

00 S

Hlgr==H

Plain-1 Plain-2 Plain-3 = Plain-1 Plain-2 Plain-3 =T

AlEH S BF

2000

IS5 oeeTeE

1000 T——————

500

== HE el

Plain-1 Plain-2 Plain-3 H3 Plain-1 Plain-2 Plain-3 H3

AEHE BF

200

150

100 ~

50 -+

00 -+

Hjg=Hz| Chpal

Plain-1 Plain-2 Plain-3 fr- e Plain-1 Plain-2 Plain-3 Ha
AEHL EF

O 3-114. SZ28dliAlde EZE

- 164 -

(a) Bowing test 3d}A] &l
A g stAl S AIEA
e e AlEAe w
¥ Al #HskE(N)

(b) Bowing test d}A &ar
A shA] o2 AIEA
oF WA E A@A Y
9 Al F7 5% (N/mr)

(c) Bowing test 50A}o]Z
Fo] "kl G
A @A et A A EA
o} w3 Al HstEN)

(d) Bowing test 50A}O|Z
T weAeA oo
AEA L} EeAE A PA

o) 93] A 97 (N/m)

A& Z 2H(Plain)



ol

Tofd

ol

m._ Am/ o [V © [ap] % » [ap] e} ™~ nﬂ
NO < — — — — . -~ o) ™ o) .
@ﬁ (N\ — — — — (@) — — — — (@]
%_m o Te) o [s)
o o (@) (@] o (ap] = < ) pe
T & % & N & = S S =
W 5 w0
— ~N o B — N ™ B
o _ [ _ ﬁw _ [ _ %
; H H
£ < e o rh
= > o o O O o
3 | [ _ [ _ _
iR > > - > = >
)A
T o A "W FUE 3

- 165 -



ol

Tofd
__o_l.,

ol

6.4

6.1

6.8

6.4

7.7

7.9

8.1

7.9

0.18

500

480

503

Vv-X-1

V-X-2

o
Bo

N
B
NB
H

600

620

635

18

6

V-0-1

V-0-2

V-0-3

mH
Bo

X
B
Np
H

- 166 -



a4 (V)

Of sk S(N)

B2 (N /i)

224 SN /i)

Z000

1500

1000

500

200

150

100

50 1

00

Z000

1500

1000

200

150

100

0]
o

a0

IBF)"jﬂEI

1o vz V3 g3

V-1 V-2

NEPEE

V-3

Eokis

Vi V2 Vs gz Vi V2 v3 g3
NEHE BF
BIEIESS o gra 3 p)

V1oov2 w3 omz V1 v2 o VR w3
AlEHS &7
Hjgha=HE| ETESS S|

V-3 H3

V-1

V-2

NEHS B8

a7 3-115. SZ oAl

- 167 -

0\1

il

(a) Bowing test 3}A] &l
A st e AIEA
of wsxe A@H
o Al Aok (N)

(b) Bowing test 3}A] &1
woA s e AP

oF wrzaxel A|¥A o T}
3 Al 7= (N/mm)

(c) Bowing test 50A}O]Z
*o A s
ANFA} W] AFA

o} ot Al HskEN)

0} O
li¥ftf

(d) Bowing test 50A}o]Z
Lol Hra=A g skA]
Al A eF A
of w3 Al 7L (N/mr)

0ro
T

AAA

=

Hn



ol

7.4

7.7

7.8

7.6

0.16

9.6

10.1

10.0

9.9

0.23

580

600

610

097

PL - X -1

PL - X -2

PL - X -3

o
Bo

N
B
NR
H

750

790

785

775

PL -0 -1

PL - O - 2

PL - O -3

&
,mo

N
B
NR
H

- 168 -



4.2

4.5

4.3

4.3

0.11

4.6

4.8

4.7

4.7

0.11

330

350

335

338

PL - X -1

PL - X -2

PL - X -3

s
Bo

X
B
NR
B

360

380

365

368

PL -0 -1

PL - O - 2

PL - O -3

&
,mo

N
B
NR
H

- 169 -



Ha}o]|E (PL)

Of sk S(N)

B2 (N /i)

224 SN /i)

Z000

1500

1000

500

200

150

100

50 1

00

000

1500

1000

500

200

150

100

50 4

a0

Hjgh== K g

Pl PL2 P ma Pl PL2 PL3 g3
AlEHSE 55
Hl g K2 —

PE-L PL-2 PL-3 =3 PL-% PL-2 PL-3 frcp
AlgH 2 BF
METES ] gt 13

Pl PL2 P ma  PLl PL2 PL3 g3
AlEHS BF
Hjgha=HE| ETESS S|

PE=L PL-2 PL-3 a2 BL-Z BE=2 PL-3 fxcfond
NSl 55
O8 3-116. sZ&8siAlee &

- 170 -

(a) Bowing test 3}A] &l
APt g AlEA
wpAe] AFAe] w)
3 A FahEm)

(b) Bowing test d3}A] kit
A gl ehz] e Al A
oF WA AlRAS Tt
I Al 75 (N/mif)

(c) Bowing test 50A}O]Z
*8 A sHA
A @At T e Al A

o} ot Al HskEN)

[e1Xe)

1o -

(d) Bowing test 50A}O|Z
T WA A
AgASE A A

of w3 Al 7L (N/mr)

0ro
T

A

NERERICE



Tofl

ol

9.2

9.5

9.3

9.3

11.3

11.3

11,7

0.20

720

745

730

732

PV - X -1

PV - X -2

Pv - X -3

o
Bo

N
2
NR
H

890

885

920

898

Pv -0 -1

PV -0 -2

PV -0 -3

&
_mo

N
B
NR
H

- 171 -



0.6

5.7

5.8

0.7

0.08

5.9

6.1

6.1

6.0

0.11

440

450

455

448

PV - X -1

PV - X -2

PV - X -3

o
Bo

N
B
NR
B

460

475

480

472

Pv -0 -1

PV -0 -2

PV -0 -3

&
,mo

N
B
NR
H

v

Gl

- 172 -



A4 + "olE (V)

Of sk S(N)

B2 (N i)

o)

H

B2 (N

Z000

1500

1000

500

200

150

100

50 +

00

Z000

1500

1000

500

200

150

100

50 4

00

Bl =Xz

PW-1 PW-2 PW-3 = PV-1 PV-2 PV-3 3
AlEHSE 55
Hjgh4= 2| Hb 3 3

Py-1 PV-2 PV-3 =P PV-1 PV-2 P¥-3 BT
AlEHS BF
Bl k= X 2 gt A2

Pv-1 PV2  PV3  ma PVl P2 PV3 mg
AlEH e 55
TS ] gt A2

Pw-1

V-2

PY-1

V-3 ma V-2

AlEH S S5

=

. SZ8HAIE

- 173 -

(a) Bowing test 3}A &ar
s eaty o Al
wore) A@Ae s

A HBFN)

i)

(b) Bowing test 3}A] ¢Fal
S eA e A

oF WA AAAS Tt
3 Al #7=(N/mm)

(c) Bowing test 50A0]E
N
Al @A et da=Ae AFA
o] #3 Al #HatFN)

[eX Ke]
L%—'\:'

(d) Bowing test 50A0]Z
Fo WA
A @A e T e AP A

o w3 Al 7= (N/m)

oFr O
1o

Al Z 2PV



o

6

1) d3Hs

o)
Ry

P, o gl mhet

0|

a9

25t

300X300%X20 mm =7]9] A&

-
R

=
°©

79

3-118 ~ 9 3-1203 o] AA e HAHZ 508 =EA7]7] A

of

e
B

file)
X°

_&_:

| ==2E

Z

gokal, e Al

=

Ir

Hr il
70 W
~ T
B B
=
e
hS S
i X
X 3
[ X
& 2
(an]
<Jo =
oo
— o -~ ~ E.W A -~
o) =0 —_ i Ot 7L
o] o = X -~ ~ <
~ 0 o]o = VL VL Re
~
o 0 Xlo =0 - b o
I S RS B -}
A_w]_ of ‘o ‘© H
. % B o
wweu wu/_u
g N i
o B A R 2T
wn n
Mo oA
€2} =
- N X oF N N ™

- 174 -



100
- 80
= 20

10

20

15

10

AlZHH)

100
| 80

) fessenisiassenisias ey

|
=1
&

40
-20

20

15

10

AlZHH)

300

250

200

150

100

50

i Cycle

o

a2l 3-120. sZ 8

- 175 -



2) Aldaa 3 24

oJ .
AAAE 2= W} Abo] 2o =EAE A

¢ dUESE 7
NAA "dLAAA B8 Plaing ASIE KR w2 FaE

O 2 UERETH

AEAE 5= He Aol =EAd FF EdEE Heke FU1EA # 4
NAA ddaAol A FrEAY AH+HEOE(PV)E Alstiles diAF ez 1
a5t S7Hd Aoz yehged f71EAY] =R ddade EdE=E ol

15% Z7VEIQleh whebd, f719A9) vEY Gaag S5 sk s W
g Aoz ArEL

AAAE SE2BAMAE AtolEol =E3AE A =g W= 77|84 ¢
§7127 BAaAeld Rr1AA e Beto|=(PL)E Aedslni gAHOZ oF 10%
7 Ao 2 Yetg=d 571249 v ddAE dA=E Fhol 23% St
o] Fdgdfol Hergk A= AlrEY

¥ 3-73. 25 =71 50 cycle gt=of s ctEojde| dMEE Hst
Chog o] Ee = P =& (W/m k)
A A o mm
FHAL O FF 574 (nm) cwuE A cmuE
Plain 20.48 0.4281 0.4464
\ 20.01 0.2260 0.2207
F714 4
PL 20.05 0.1670 0.1613
PV 20.04 0.2064 0.1994
or=H 21.05 0.0341 0.0337
7184
H] = 21.00 0.0377 0,0373

- 176 -



¥ 3-74. 5 = 50 cycle gt=0 st ctdojde| AMEE H
GAHAE L& (W/m k)
2 U=
A Ao 2F =74 (mm
Plain 20.26 0.4425 0.4515
\% 20.24 0.2311 0.2339
F714A
PL 20.80 0.1704 0.1721
Pv 21.48 0.1996 0.1915
A= 22.95 0.0327 0.0334
7128 A
H| = 23.36 0.0365 0.0419

I 3-75. &8l =AU S0cycle gh=of et ctAujdel ML

o o
gasdge $5 | FAm) ECam Nl
5Ag4E A | 52049
Plain 20,67 0.4357 0.4781
\Y 20,14 0.2298 0.2563
77147
PL 20,52 0.1612 0.1516
Pv 20,39 0.2127 0.2362
A= 22,16 0.0344 0.0385
#7147
H| = ¥ 22.03 0.0365 0.0450

- 177 -



4"

PL

Plain

Tof

od X
=

PV

PL

Plain

=B
o T

AR 2

0.50

4"

PL

Plain

Tof

- 178 -



o
)

X0

'KS F 2277 A=& F+

of u}

N

ﬂmo
N
o

0|
T
!

I3

B ol A 1A1ZE

Ry

3 gtol WEom s,

Hr ol
o b=
~ L
Bo B

o

T K

%o <O

K B

Jlo _E

%

‘ol B ok

o e MH

@ of &

— ~ = O

le] W .uAlo ,mE
il S TH

~ ~N X°

o S
09) N

oo !

a fr

s 7| 4

A o

= — —

Mo T T

X X

~ ~

il of

- 179 -



B

% 3-1252F o] 7}

i A

1500X1500%X50 mm =7]2] Al & |

o Aol

A Aol B

)
=

HHE

LIENREE

A x

el

tel 7 %

N

B

o
Ivmo

_Z__|

o
_X_l

o~
il

Fol T type B3I

k)

9A el o

3

=Z0o)rH
Too]—"[‘

o
fuze]

i

ol
Po

N

g
(@)

R

Fm? « K/ W

A A

B

[m* « K/ W

« K/ W

Rl
K]
AAFE (W « K

W o 2m

fo & B 7 A
= o N- T 3
Yo XA E

T E
= M
ELEo Y

Wor <

FErom %o =R o) o) of)

T T B BB B uEIE BN TR T
BB < N < BN Ho B W B

< e S T e NENE

- 180 -



| EA4A2l Plain 2 AA+

=~

=
g (A +detolE

Hefo| E(PV)9} 714A B
AASHAY. T A% 9BF

Plain¥} PV:

7.86 W/m-Ke} 3.04 W/mi-K2 AU, &7]2AA
(PV) { Plain® 2 GH7FEo] IA YERTH
FE 3-77. SR8 Alg A
H| & Plain V+PL
34l 19,93 19,93 19.93
A A} X
aen 7+ AR} 20.04 20.04 20.06
[C] A 24 —-0.06 -0.07 -0.07
L a) 20.11 20.11 20.13
233 A 45 45 300.55 149,67
aF
oA Ak 17.97 17.97 17.97
(W]
A Bk 27 47 282.58 131,70
. a9 dAYx
Aga | M =TF y 0.12 0.12 0.12
1—11] ?%]—
T dATx
gHG °l ; 24 0.05 0.07 0.05
A& >
[m“K/W] HAZk -0.01 -0.03 -0.01
dIHFE W/ mK] 0.61 7.86 3.04
dHF A [m-K/W] 1.63 0.13 0.33
gea 9 staAa APz (2021 C, AEE 50
= % R.H.
ST e AAZRA  AYLe® 0 C, 7|REE 1.2 m/s
7\

- 181 -



dEid> F1EA GEdafE F8eto g AR AN WetdeE A
Estaal KS F 2257004 AltE Al A B ek AF gy - dut
8 Aol 24 By 73 B9 A 2317E T3 Sk

1) @asdel 722 WsiAo

7hH A WH

NNz WitHS HAES7] 98] KS F 2257-1 : 20059] “AZHA 9] 3HA]
oy - gt e AN Aohe 2E7MEIA Edte] AlFS AASH

ot
W 7hA Wy A S fEeklal, st yWiREEs AEEY d¥Hd =4

om zgun, dolg R GANE Fotol A, TRIPLEL KS F
]_

2957—1 : 20059 “AZHA2] YA S B - AdHE @3 Ao A= B3

¥ 3-78. 45 A«

K A A
OF  AA=ZH Y 9 A
Al 2 () Y& : CERAMIC

AlZH A 500 X 500
e : 40,000Kcal/hr

e

GAS Wy A|AH] EZ 2 2HE A
ek Ay
PID/RECORDING

LOCAL PANEL ER e s |

AR 2

- 182 -



I

T | Il

_1,\114,7 \\\\\ B ] ||
TN

o 0 i R N
18 —
o m

L |

| SN P
S T @ i
F | i
| Il

| I

| Il

1600 0

A52 4

StAlEZ] HAE

-126. A

23

a

SHAIE ] <f 2t

LA

ozl 3-127.

- 183 -



799 Ao,

H
ofo
oK
<0
70

-~

-~

o ~° xO
4 o o
= =
3
°
8| 8| &
nal <t <t
w_ | 2 S
wWE| 2 =
_nﬁ(\ (@) (O\
.HOU (@]
L0
= |
_H_ (o=}
0 0
% I
S N
) i |0 |
o I
I 0
I 0
I 0
O
B e
].m|\l/
rE| 3

- 184 -



(th Ald 23
D 35T Plain? 4=

I 3-80. 35T Plaine| ListAled Znf

- EIC L)

[e]
T =9 1/4 AH e =27 FE5 A
A S 1/4A4, 2 HE Y

1200
——KS F 22571 35T QI Th
—i =4
=NE A
1,000 2 T
m—l
—_—
800 [|= =sitEm Bzee
P HZHER Ha2E 7IF
% --- LPiEE B7 25 TlE
o 600
2
™
400
200

0 2 4 6 8 10 14 18 22 26 30 40 50 60 7O 8O0 90 100 110 120
Al ZE (&)

TE 3-129. 35T 2a¢l HatA & Azt

- 185 -



@ 35T AAIES &%

I 3-81. 35T AlM =2 LHstAIY 21t

ez (EEIR TR

‘\J

T ——
=]

AA el 1A= A5,
4 = 1/472) 4,
1,200
— K5 F 22571 35T AlH|Z T
—1 =g 3
1,000 [H=——2

ﬂ»-
' WS F2BT
—_—
—_—
800 —— —HZIEE HIRE

/

e 2E(T)
5 8
...___\\

200

o 2 4 & 8 i 14 18 22 26 30 40 50 60 70O 80 S0 100 110 120

Al ZHE)

a7 3-130. 35T AlMZE Chet Li=tAlel 22t

- 186 -



@ 50T Plain®] <=yt

I 3-82. 50T Plainel LHstAl Azt

taz HHAF L) HA (i) 7hER)

2011.11.02 18:23

o
sS4 =4 1/4 AH 7FAN R & gRT
AR 8 S /477, YA, 308F
S5 1/4 Agol A% DRI EIEE R
1,200
—5 F 22571 50T Z2j|el e
— =M
=B
1,000 2 AT i
m—
—_
800 |- —H7tEE BRRE
P HZES HALE 7IF
2 ---oEE B2 22 0IE
& o
z / /
™~
400 [ ——
200

0 2 4 6 8 10 14 18 22 26 30 40 50 60 70 80 90 100 110 120
Al ZE(E)

T2 3-131. 50T Zailel chet LatAld Aot

- 187 -



(2) h=9E 9 WA

hH AlE e

dz=d ol YitgdsS AESY] Y8 KS F 2257-8 : 20049 “AZEA U
3

SR W - A WY e A9 A% 2AA Ast: EE/HATA

A @ A= 500<500x50 me} FE P} 600x3000<50 me] FEids 1Y

3-133 ~ 1% 3-1345F 2ol Aol AFstAh ¥ BAIAL w4

WrAY 989 F 85rzoR ARG e AFAY 9w @ ustaw
2

of #@AeIAE Aot AFdS, EAUE DA A

600mm
o st e AR (600x50%3000mm)

]

aE 3-132. &

I 3-83. 2/ ctduid AME M2 A

B7ha el
B e
T= oF A8 i} A )
¢ ToFE T okAL KS F 2257-8
. Top=
Plain R R (Az B0l
\4 ah 2~ 2] 2 SaFA 1247 Wak AE - 2 A
A A
- 180C 3A|7F LmxAp2 =0
PL | W ; - 3w
- 180C BAI7F &&= 17X 239 mao - 2 A
PV . _S_E—Sl_yo]_ 3/\]2_]__ = T
e =4)

- 188 -



EE ELEVATION

h 4 " = u -
P o £ i

3 SEETON A

a3 3-134. WatAle 7He S M X EH(600>x3000%50mn)

- 189 -



wo k| —EEEE( —sEeEs(o) | e

(Pa)

fr
-0

0 : . . . .
0 0 20 30 40 50 60
Azt (min)
a7 3-135. WEtAEAl = W 25
| —sue=t o)
\ O s, At S PR Y N
'L_.-—/ o o T~ -
o 10 20 30 © 50 60

Al2t (min)

7 3-136. WHEtAIREAl = W

- 190 -



7 50 me] Plain W 4, HepolE, AA+HOEE U A=l

stof A wiol wE 8572 AldAlel dHistd et dE dAlstaL, 1

GEINLY £ HF W WEAY olNo] B2 YL et 2ot Plain
9 AAY Hs AeE AWAE s5ET 28%e] FANEL &
SR TEH A shede] WASHA oot APA TS Wt A

A

1o 7he
A4fol Uehd AL 9 3-140014 AHE S 9low ywz AL

I 3-84. Wi=tA[Holl et AledZ 2H500x500%50 mm)

Al AT A&
A3 8= 1923 =
o Plain — X | Plain = O V-X V-0 PL-X PL-0 PV -X PV -0 H]'tH
o d
27|25
?JCL)‘E 4.6 5.0 4.2 5.5 4.0 5.7 6.2 4.5
23
b e | 252.8 | 246.7 | 564.6 121.2 107.3 99.8 115.8 113.0
o (C)
S| 3
(60K Aeee | 241.3 231.6 563.0 119.1 104 .3 99.3 110.6 109.5
= (C) KS F
= A 7F 2257-8
3 (",f)]{ 36 35 28 60 60 60 60 60
= . 2004
6M | mex) | BEEA | BEEA | BEEA | BEHA [BEE A | BEEA | BEEg | (2R
2 as | we | we | we | we | we | we | we | AAD
2
g | By || nsEa| BEE | BEEA [ $EEA | BEEA | BEHA | HEEA
2] == oro oro. o)ro oro o)ro oro o)ro oro.
(GOOH) 7_“0111 1w T 1w = 1w T 1w T 1w = 1w o 1w T 1w =
T sre ey S| st | sroua | sl | sholua | sl Ay | shotua | shel Ay
5 de | ode | e | g | g | g | e | se

- 191 -



Azt (min)

a7 3-137. Wi EtAl ol ciet =7t Mol 2= (Plain)

{(Plain - X 7}gH> <(Plain — X 8B|7}gH) <(Plain— 0 7}E¥H> <(Plain — O H|7}EH)

a2l 3-138 HatAg® rtEs & 8|7t (Plain)

)
0 10 20 30 40 50 &0
A|ZH(min)

a3l 3-139. WhatAledoll tigt B|7tEHel 2E=(EY)

- 192 -



(V-X 7}29HdH) - X B7FEH) (V-0 7t99) -0 H7FEH)
a3 3-140. HEtA s JtEH & HI?P"E:'“._‘I(QM')

a2 3-141. WEtA ol o gt v|7tE o] 2 (EH2I0IE)

(PL - X 7}g9) (PL - X H[7}EH) (PL -0 7}E®) (PL - O H|7}EH)
O 3-142. etA & It & 7 H(EEI0|E)

- 1938 -



Al gt(min)

7 3-143. Wi =tA[Holl tiet HI7tE Mo 2=(HA+EHEIO|E)

(PV-X FE)  (PV-X HMZEE)  (PV-0 ZAAE)  (PV-0 MR

O 3-144. Ysags 7t 2 oB|7tEH(EA+EHEI0|E)

- 194 -



%7 50 m| Plain @ "4, Hefo|E, AN+BetolES EUF AEI el of
sto] AAISaL, 1 AWE E 3-85 W 1Y 3-145 ~ 1% 3-152¢] e let,

FEAEY EY HF W LAY o] h2 WYL thed Lok Plain
AFALE 31%0] BEEC @717t BT W =st

of WAISHA oot AAA ol $4ue WHE 4 etk WA+ Heto| E(PV)FHA
B BEEAL sG] MR ot AANES ST, WAL stdHo] o
B ZA@go] tehd Ag 19 3-141004 AmE 5 gov e AFAE 1
AZES) W3k S-S skt

I 3-85 uiatAlEdof st Al”Z 2HB00x3000x50 mm)

A3 A 3} 5
A g = @
= O —1 . . . H]—H‘]
Plain A4 HefolE |[FA + Hepo]E| o H
Z7|eE
) 2.0 9.6 6.8 9.7
B
A |Aeew|  194.7 102.9 111.6 258.1
A ()
TR
(608 | Fo2= 200.5 110.0 128 .2 281.7
()
A=) 7
°§H)‘L 40 60 60 41
_ KS F
6 mn s, 2257-8
@ad | soomold | BEEA %S | BEHA ¢S | BEHA FS |- eoos
A L BolE CER!
25 mm X‘”/\])
=4 Ted HEEA g | HEEHA ¢S | BSEHA S
N Al o] A
2t -
. 34
e 2y A gl | S9EA gl | ST 3 | S s
603y
wa
A3 | AmE | AEA 98 | AuEd 98 | AuEd 0L
2%
2 2] 7+
°(°;)]7L 31 60 60 60

- 195 -




CYsAE A D

 HSIAE
2l 3-145. W 3tA g

D_§__>
/%

H|Z

h2 & (Plain)

- 196 -



CHstAE A D

s+
02 3-146. UsHAIE T/F b7t oi(R

kel

2 4)

=~

- 197 -



CHstAE A D

CHishA e &)

O 3-147. et M/= H|7tEH(E 20| E)

- 198 -



S I I S

CHshA e &)

O 3-148. et ©/F 8|7t H(EM+EHEI0|E)

- 199 -



=25 ()

800

700

—LU2E

—Plain S
S GEE L

PO S S SN LTI ol P R0 S 0 L D0 S S S S0 [N 00 O S S 0 I P8 A0 S SN e N,

__________________________________________________________________

A2t (min)

% 3-149. Wi=tA ol tiet B[ Z7tE Mol 2 X=(Plain)

a3l 3-150. LetAledoll oigt B|7tEH el 2E=(EY)

- 200 -



1000
— LI 2T e
900 r=1__ maggg [T R R e g
800 —{ - KS21E ____________T,_.,=::1’_______ ________________________________
T00 b T
!./’
—~ 00 k————m e e e e e e e
o 400 7
4 500 ———f.ﬂ ——————————————————————————————————————————————————————————————
o
e e e e e e |
fﬂ'
B0, b s e T e S R S R R
|
|
PG T R S S TS O S S ST, S S S 8 ST
R e e e o B S B e e e e
100 JII. ________________________________ e e e
| I ————
0 E— . . \ .
6] 0 20 30 40 50 &0
Al Zt(min)

25

a7 3-151. WhetAledoll oigt B|7tE el 2E(HE0|E)

800

700

400

300

200

—nu 2 e
B _JU@,+EE}|]|E_______________________:::_______—_—_—__—_:‘_':: _____________
L] i - O .o U
,___________;,,-_-'_' ___________________________________________________

.f’
=
—————— 74——————————————————————————————————————————————————————————
B
I
f
IJ
.-|L ————————————————————————————————————————————————————————————————
|
|
_{ _________________________________________________________________
B L T e T
| — iy
R R R LD Y e e e A i B e e TS T e S G A i L7 e A L i S L
: e
|
8] 0 20 30 40 50 60
A|Zt (min)

a7 3-152. Wi =tAlHol ofet HI7tE Mo 2= (RA+EHEI0|E)

- 201 -



A3 54 HE

=20
T

A s E LF SHHTto| w

1 AdAs

=3

M

©

ct.

Hr R
0 B
~ CRG
Be N TE
CRESI -
w B o B I
03 T TR
+H
(S o) o A= /%\
fo &
N Ll.._ ;OT
Bl =0 W A o W T
El I IS S
< N~ < < =0
B o | T DR oy
AL
il mRo o T T
~ H op S 9 W oo M
Bo R - AR
.
E
Njo
T -
< £
Bl R
L
g > 5 7
[al

- 203 -



UE dgfidn FaYEY A A5 S AESH] fdiA= dol 400 mn, %
100 mm, F7 20 mne] ¢=ujd A|FAE 100X100X400 mme] HXof Wi 1 9
3 ZAYEE gHdste] 29 3-15429F ZHo] 100X100X400 me] A|FA|E A 2Hgt
=9

AAA = 3-1537 Zo] XN E HAAske] 17l 3-1559F o] 2 HH o

2>
=]

o] 19 3-1569 2% 4

ol

T 271& ZH7F 50cycle WHEdl= FF ZolHistE

A

Asta, &4 T 29 3-157 ~ 1Y 3-1587 Zo] RAPEZS ZAHsle] RAE
e AHEst, A= ofdl A& o]&sto] Bt

3F]
Ry = wh: T (1)
A7, Ry B (N/mm?)

F: 3335 (N)
1: AZFAE (mm), (340mm )
b: A AA Z (mm)
h: A A T (mm)

AF= i 100 2)

A71A AF: B E WS (%)
F, : Bowing test n31 5= (50 Cycle )3 2] A% (N/mm?)
F.: AA A A &A% (N/mm?)

- 204 -



Panel A—

Concrete

TE 3-154. Al A

25(T)
5 B 8

—

oot

8 &

2&(C)
° =
===
|
oo |
I e
3 5

a7 3-155. AlEA dx FH

e ® |

k

ay
e

8 3-157. 2E=dH =& = AIEA

- 205 -



3. 494y 3 24

dE Gaudy FAEY A% d5S HET de v 2

= 2 HelMe ZaZE, AAN), Ho|E(PL), A +dolE(PV)L}
ZAYES dAS BT AAAE = AHolA 508 ¥hE 5 FojwstEe] 1
g 3-157% go] Ztzk -0.0251 %, —0.0235 %, —0.0288 %, —0.0318 %E KS
718l 0.1% olstE Wiy, 2= Wsto| digh dojHishao] Ao YEuA] o

El d

w27 US| gt ZAE, AA(V), dEe|E(PL), AH+Heto]E(PV)9
Astee 19 3-158% o] Z4zb -0.0091 %, —0.0076 %, —0.0078 %,
—0.0075 %= 7|9 dolMeh&o]l UErLEA] ohotet, wheba] of F 8h =) whE
dASE Agol & o] Fojd A= wrhE

FASA dizt A@da 1Y 3-1599F o] Plain®] 4% 2
of oF 40 %] 2ol Azt gepgton, dA2 oF 5 % W
A7t Ao A gpgtow, HEfolEw S= AR oF
A7 Ao, AA+dToExs 2k 27 L5
%] FAGETE AstE ek o @4 2o tidt LAt BAEAS Plain (
AR+EEolE AN (HE|ER ke A3t Eolsglon, HeEtolETL o

&7 Wgte] dizh FAEA0] 7MY F2 ARER ARET

- 206 -



ZHoltum)

2ol st (s)

i ML | N1
Ay
-500 f J
[l
Ul
600 (M ﬂ%ﬁp Luﬂr\um: AN
-700 [\r
-800
-900
-1,000
—plaip ——pt =—¥ —M]
-1,100
0 5 10 15 20 25 0 35 10 15 50
gr=3l(2)
( =R (Y2 E)of| & o]zt )
0.01%
0.00% ‘ :
0.01% \\‘“’ “
R 10
N NN
i — ,
-0.02% N\ :;;1 - /
e G
\\ { 4
/
o A
0.03% -
N
—+—nplain —B—PL —&—V¥ ——PV
-0.04%
0 5 10 15 20 25 30 35 a0 45 50
22 El(g)
( XEHI(Y2HH) o & do|H3l&
J% 3-159. 25 dustol| e Zolws 5o

-300

- 207 -



2O {um)

HO| HEH %)

R e T e e e T A e
200
%) i RS Se PP SRS SR SR S S SR SR P R
MW“M%
T T Ik
R R e A e S e L P I N e o e i R S P e e e S
—V —PL —PV —phain
-1800
0 5 10 15 20 25 30 33 40 45 50
HrE i (3)
S = < = -
( BRI (AGEEE)of| & ZdolH3st )
0.0000%
-0.0020%
-0,0040%
-0.0060%
-0.0080%
——V WPL &PV —<plan "=
-0.0100%
a 5 10 15 20 5 30 35 40 45 50

wE s ()

=S EHH)ofl WE dolvsts

PN
i

N

a7 3-160. 5 sdwstol wE ZolHzE 54

- 208 -



~ ¥ shE | B2 e
Al e | HHBHE | FEA shoha AF
1 | 44459 2.8
Plain
2 | 4216.7 2.6 9} 3]
. S A 1}
— 3 | 43427 2.7 A
F# | 4335.1 2.7
1 | 2988.7 1.9
A 2 | 28615 1.8
. . 7 7}.3)
. 7 7}3]
— 3 | 30321 1.9 A
FF | 2960.8 1.9
1 | 2979.0 1.9
I
Hafo| & B :
2 | 2922.5 1.8 —— A7}
! i 1 A IEEES
— 3 | 27118 1.7 A
P | 28711 1.8
1 | 3619.1 2.3
A4 +getol s
2 | 3493.7 2.2 3 7] 9} 7]
+ S A 1}
agaE 3 | 3316.9 2.1 A
F& | 3476.5 2.2

- 209 -



E 388 9% Wdel RAUE I ek (2
o35l % | RAZE
AlA e F7 -
, 9977 7 1.9
- | 51 | 51} 7
9 | 2670.4 1.7 =\—l
| 3 1 Y guny
; 2955, 3 1.9
ZaHE o
wa | 28678 1.8
1 2643.2 L7
) - g} 3]
9 2579.6 1.6
| - 1} 7]
; 50488 1.9
BRI o
S 1.7
1 | 24349 L5
B 1 7] 5} 7]
9 3165.3 2.0
| X1 3| 51} 7
3 3233.6 2.0
- 1A 7} 3
[ 2493.5 1.8
1 3305.5 2.1
A4+ Hetol o
, 25009 1.6
| o d 7} 7
; 29992 1.9
- 33| o} 3
wa | 27029 1.8

- 210 -



¥ 389, & SAZE 9 mehe 2 50Al0/2 %)
- st | B2 e
AeAe w2 | A% d
(N) (N/mmr)
29563 1.8
Plain
2523.3 1.6 g
' 7 }-3)
EEE]S 2556.4 1.6 -5 2| 1} 3]
Wi | 2679.3 1.7
28943 1.8
2] A
=27 2 N
756.9 1.7 s
' 7 )3
EEE= 3012.4 1.9 -5 2| 1} 1)
Wk | 2887.9 1.8
3377.9 2.1
HapolE 9
Pan. H 5L A 31} 2
' CREE
2z E 2297 4 1.4 R i |
i | 2586.6 1.7
3195.2 2.0
Ao+l B
4064.5 2.5 A
' EREE
#ZggE 2599.0 1.6 R i |
Wt | 2777.3 2.1

- 211 -



sl =Ny

5000

4500

B Plain

a2l 3-161,

AEHZ2 55

- 212 -

B2 ¥}




Al 68 DEAHA|LH L HolF2A| HE
1 Ade 9 ¥

9E AL 0§ wAALHY AL PEsy 9Isto]
1800x1650x1500 me] 67]9] ZAE AFAS A=}
AYE AAAl] o dEduidS AT AqtE APA, dES A &2 FAE
E AEA, F718A GE2AE o83 4 2
A AEA, QR ERS =T AlEA & ©EA

a2 3-1607 o] Z AIFAIY Wi 37l EHE AAske] 2093 A%k

of W2 W LE® WstE SRt B 19 3-1619 2o

- 213 -



H 3-90. ROlAlEA O] SHEAIAH AN E

— A o

35 EEREE

A|m
2

S F7IEA dEEaS AAT HAFA

CAu 2aE WA o 3 oA

CRIAA e HEd(=otola AR

Qs W oA F A

S AV E RS =AE 1ol AR A

- 214 -



— a2
— U = B

CHAAFEA ] da 2 WMot 54 )

a7 3-162. ZolAleA el HH2E &Y

- 215 -



C2d719 43 AAA S

=53 7|7 o 9l

X 2d 2k
= o

Al

& 3-163. 20C = Al

- 216 -



chE-E

=
=

171 91stel 6712

e HES

e

SEEERIPS

ot

°ol&

ol
gl
£
B
)

B

FA =, 712A <

oetd, ©ds

91

—_
o

o & Wi 2=

N

ﬁ
R
puyl
o
ﬂmo

N

g

[e=]
=
AYER @il HEY dE 92

o

>

=44

3-9137 18 3-164%} o] 9

sl 1 A% =

HekE 54

e ) gviitER ) &

o ut

2 gy >
g o]

718 A

ol £

€

B

gt

ol
oH
<]

B
)
~
o
TO
.—éi
ol

—
o

20C 9]
2y 9 3-1673 o] ¢

3

gasdol §714

Alof o
& o

o
T

il o] FZol

3|

Elo] eE

=
[¢)

S WIS %

B

ol
el
!

T
ol

o

W]

Mol Aol heht] gtAEr e

=
T

oA d&Alo]l A YyERYIL

1= =]
T

=

o

94

gy

a

ol
m
=
B
!

N

o=
R

™

3

)

Aom Arrh

[olz
=

7

- 217 -



I 391, ZoAEAMe HARE

Al
gduid | F3E | dd Yed | guiAtER | detE s
Aes | 195 202 | 22.4 | 954 18.2 18.5
Hrew | 03 | -4.4 1.2 ~2.0 —6.1 —6.4
7%] ewa | 19.8 24.6 21.2 27.4 24.3 24.9
B 6.8 6.6 7.3 6.1 3.9 4.3
w284 | 3.5 45 2.8 3.6 4.4 4.5
~ | Ade= | 283 28.9 19.4 95.0 17.5 18.3
g | mres | -01 | -11.1 1.3 ~2.6 -8.4 ~9.1
B esn | 284 | 393 18.1 27.6 95.9 97.4
| = 10.6 6.7 7.4 6.0 3.2 3.1
B gzaxn | 4.0 6.3 2.9 3.8 4.9 5.1
Aes | 33.2 18.7 16. 4 94.0 17.5 18.5
j] Arex | 0.1 —4.4 1.9 ~9.3 5.7 6.4
ez | 331 23.1 14.5 26.3 23.9 24.9
‘;; 37 11.8 5.5 7.7 5.9 4.2 4.3
22U | 4.2 4.4 2.8 3.7 4.4 4.4
Rl S —————
I B
-
o
WAV
%w
5
"

1016 11/47 11718 1019 1020 1121 1122 1123 1424 11/25 1026 11/27 11/28 1420 1030 12/1 122 123 14 15 1f6 17 128 129

% 3-164. ZofAEAMel HHEAR2E 54 -

()

- 218 -

A(E71)



2era

2500

300

—uamg —anE —oe
g [HEE  wice —gucs
|

200
5o LI ‘MM‘ L L m. \

ﬁwymﬂ iy
¥ Voo 0 YR | L A

LVl A 'm m ﬁnﬁ /'\, Wi "WL ‘i

"N F WY VRN
M\J ‘ ‘ \ VA"MAF . ‘ w »WM

50 ly

100

10/16 1147 11/18 11/19 1020 1021 11/22 1923 11/24 19/25 126 1327 11/28 11/29 1530 1271 122 123 124 125 /6 127 12/8 129

AHE)

M

a7 3-165. ZoAHA o tE2r §4 - HU(S2tE #H)

300

—HEWY —F3E  gpE
—lHE o EHMLER —UMEE
250

S50

-100

116 10/17 1018 14/19 1020 11/21 19/22 1023 11024 11725 11/26 11/27 11/28 1129 11/30 121 12 123 14 15 16 17 18 1

NHE)

2l 3-166. Z2fARA o 2L S - ALf(HA =H)

- 219 -



300

450

=
=
=1

[
il
[=]
\
L
\

7124 ZH1CWh)
5 8
T
I
1
1
I
|
1
1
1
1
1
|
|
1
|
1
1
I
|
1
1
1
1
1
|

\i

]

)

1

I
X

I

1

|

|

|

1

|

1

1

I

|

-

Wl e =

A|ZHhour)

O3 3-167. ZofAlEAM el 20T RAIAl At MHE

O3 3-168. ZolAldA o Hatat ALK

- 220 -



A7 BAE Ht

YA Do) H g BA

i

(‘):]_

ne

7}

0|

o

gray wA e

—(:Dj‘

d, ol

—éj‘

8ol FxE

79 1

g HA

s

o

Hep A A 2 o]

solA=

Aot =uf-of 7w

3 a3y

ot

b g, ol

Al AHP(Analytic hierarchy process)

[ &&Fg (orrE) <]

AHP 7I¥& °l&
ks

2 AFolA e

2hA],

=13
=

A Ah

4

)

2 g0l w3}

- 221 -



g Al

A8

T o

E)

ol

Ho

i
e
N
,m.,o

N

pu—

Nfo
)
oF

ol

7F 10078 ol Al

i
X‘{L‘

A

0]

A

ddel 109 o

choice)

st AHP7|¥l2 EC(Expert

AEg Ay

o %

292 Agek,

—_
file)

—

<
ol

T4

—

B
oo

Uebw Aol

CEE

A

1
-

% 3-169

3L

5

7o Bty MY

]

CHE| 71

[ (B

R
=r
Tk
ol
Al 5

- O

= K
de
o o
= awa P IH
Bl s of
d®a Ko
o 35
m
o
o
=
N/

SnEY 2 B

0fo

% 3-169. H|

(1) A2

4 (Group decision support system)O 2R A FEA A OAL

nr

—_
o

ol

J)

w

of 5t 9|4t

=)
=

=

7}

§AZEAA oA

[

e

Ztt, ool
g},

HAkdol

kg

o A} jApAH

e

4

_(H

ol &

- 222 -



o] 10 o|Afe

2]

J)
_

o
ol

B
—_
o

—

<
i
pu

I
L

2l
70

E-mail& E3}9]

HH o
T

ol

E—mail

]
=

AR

il

To
G3
ol
o
of

Al

o1 95 %]

°

,mo
il

27b glom wFo| et

o
o

tebdieh

=

=

=
=

A
A]

o
5

<

4

94
=i
=

ol
~
(Strong importance)

8
o F8

=
K

al

%

(Equal importance)
ha

o

(Moderate importance)
(Extreme importance)

3

s

(Very strong importance)
=

FEo A £3.65 %2 22}

=9 %

A A A FRE AEA o

[y

- 223 -



(2) B7171=

Bo
= T o o =
5 AT _uI og " o
wﬁ W Ny o oF H
SN . ° ~
HEo iR ) ¥
5 5 E -
o~ 0 7 % I=
o] ,ﬁu z_.o R »Aﬁ —_—
e Mo - o i ol
O~ T - X0 TR = X
! Tor —_
ﬂu — Zn T} ~
= o . N oj g ™
N ,DlL — .of
iy Y A W B ol o R
—_— > FXOH 3 ,ilo mﬂ_lo mL_.ﬁ N ﬂo% "
3 M <k T < jo° e Foun mm . & A
F T @oﬁ_@w F = | g ¥
ﬂjo_awﬂg_os © 2 | . W
ﬂ@%%%ﬂﬂ Y %%MEMM =
RS x Lz RRRME e . E
W oMoN ap g o ™ 55 w | = do | o au | o o
LN o = Z o L N el I N | s ~
mﬁa HAr B e Y o = W o TR " pal Ml o o o)
&_xon_ﬂLcHo 2 0 moﬂm_mmﬂg& 5 o
~ o g% I oo o %o | 70 4 9 =
RN NF oX ujn o — o | 2o | | T 0 o
N __OL ﬁL o O#E ;OO ol »A..* A.._ ,ulL OL S U.:v
S oW L ¢ 5 B T . SEE - WA
o %0 I Mo S KIr = By 7| % | 2 o| i
G oop T o L o Pl g AR w T
Ho mp N oy N Nk N ﬂ, % o o vl = ok o
o TS BN b B & Ho | = | % e -
oo w % oy B N B2 - < | 5| ok a Bk
& oo 5 i T N of o ol o o o | - o
< B i 2 ° W o o) Ho B
— W_ oo % it XO By & il ] u._m o | T < d o
T = B2 e = [ <l == W | T vooF
° Tog M o T < i jeig e e o B
?ﬂ%ﬂ o = @%H i w7 | 7| = = ©
T T o ) ol i " T ] £l PR Ho o | T o Npo B° ™
N I TP s Lo E e | < ZIE|E ey W
. Jl ~ ry 0 Qﬂo C N — o < | T T° “o e RN -
~ 3 N jo° T 8 Py © ol 5 | o o | X N om o
o ~ _ o W H T o &
TN o =~ 7 o o e o | X N
N N —~ | T mwﬂ H_ﬂ_
pud N 1o° ™ e T o O_H — i
I & X o X<
BO . H = N ‘T_lo X© ~ iy o
Y m| < % %O - B %
o GO
O ©
e oy
T o
S
_\O

- 224 -



I 3-94. 2HuidA[AR S HARMH HII|E

BR[| FEF ]
e iy By 4
WrgE B

Zkiol golAd  |miE AlFAl Zoel gold A
L
[¢)

W& AlsA B Te] AAA

AAA
ol WREl (e Wdy waish 2e A
Az vz dyz ol Azt WREE A
73 A 73 FAES7E (AR A7 FTAR AAHA #o4H St
AT A [FFAE 2 vgAe 507 LaEl dd@ugs

(3) W12 At

AEGABREA ] HES YA Y Fas AL AZFEATFR HAo]
o, ol7A AFRATEY He AsH o] ot MEAE] olzdo] i
2 Wb o] R A RS AHA Wstelx i Ro] HWyHoth EF, AHP|Y
g o8 g - Welg BAsy] 9T ¥ HHomA Brss aro FAED
AR 18] AZsstolof G whebd 2 ATolAE AZRAA AR YL
olgato] Thau 2e 4] AAE sk,

Foto] YAHA YA S (Decision hierarchy)s 274kt
2THAl, T2 AlFol &= AAEAA 85 He AdninE AT

3eA, A (Eigenvalue method)& ARE3FY] JALEA SS9 A4

HNEA5 2Askgct
a9A, B Al He dibEe] ERHA $AeS Takv] 98 oA A e

B
iy
1o
oX
u)
»
ro,
N
ofy
N
il
ofX
o
o
QL
s
ko

a9 3-1702 W §Zwel AFe TAEe WelZwY AZE FAEE ek
ol et

- 225 -



(117115 R —— > | yz4

LEVEL. 2 -~

OfTHE oI 2A| A0 HIEXT

3y

Al3H| S A H|

EEL

|

o oirfoly|

FAEEH|

IS —— v

LEVEL 3 » | wzyaMEge 2a0EAAY
=
CHlE 59 )
OfmiE oA AH HOjEE
117/ T p— + | ANzH oy 2Hé
LVEL 2 - | meol g0l | e a3mmoAe| | wuuss PETE +ouz7t | | maae 2a
LEVEL 3 ERS TETST

- 226 -




WO BA Az

alo

F H]

__OL

alo

t}. AHP 7|9 S A}

mj

0|

bol there] wlm@ ko] WAl

S

FaL, ols& A

)

IAH 2 7t

Z

/H]-8-E4(Simple benefit - Cost analysis)= H|-& 9]

2 FAER HEA

[e))]
el

=
<}

2 74

—_

(Cost hierarchy)¥} #He

=

o

Ao

A

Z}-

o

gl

A< (Benefit hierarchy) ZtZ} A4

EERIED

J A5 A

o

1‘5

oto] 449 (Cost priority)2}

oAl o
?1(Benefit priority)E H?]/H]-& H|&(Benefit/cost ratio)= 7

=

o

FaL, w-&-A

o)

B
%
il
ol

il
oo

—_

lo]

B
<}
ar

it

HO
|

—_
o

ol

A

7k FolA e 1:1¢)

=
=

t 7}

ek 2 ool A

=3
4qr
Mo
_ﬂu|
=0

{]

I
B
T

ol

(5

—

e}

4

N
B

of

AE e, ole #5FH

Hlo

Il
—_
fIle]

g
oI
ol
Jjo

B

- 227 -



H 395 HEZEH FSLE JIEA
HEH S
o HER 53 .
o Bt Bt -
B i lazAy | 2aad
[¢] —= e S = H="0 o = =
gu | A BEE A geteaa | a2w
. AgH | 0,841 | 0,174 0.192
ofute | AlEA | 0.237
oy siAu | 0,159 | 0,043 0.055
— =
Y] | 0,213 0.160 0.162
A"l | gl g | 0,510 ! : ' '
ojat el | 0,787 | 0.365 0.326
Q =]
M4 taner | 0.201 | 0,070 | 0.077
AAA | 0.253 =
sATH | 0.799 | 0.187 0,188
Brrdiere] 9 A 0.811 0.189
I 3-96. HAZFMe FX JHEA
Hojy £
o HEF ZER gt
o B e Hr s -
7} } L aEAE | 2y
S = H="00 a = =
gu | A BEE VA gotogy | x2w
_ el gol4 | 0.643 | 0.132 0.129
OFHE 13| 0199 [ g zame
ejad A4 0.357 | 0.099 0.100
/‘]—/—\-Eéloﬂ WLEFEF
; PgRsl | 0,684 | 0,244 0.263
gk e | 0.554
PR Az | 0316 | 0.291 0.292
o
solq %71 | 0,442 | 0.136 0.124
AAA | 0.246 A
o o . 1’0
sopugrs | 0-558 | 0.099 0.092
Bridere] ot 7S A 0.789 0.211
E 307 8|8 HARA B3
of <k & H 9] H] 8-/ <]
F=4F A=t ad 0.811 0.789 1,028
et AERDAPNC 0,189 0.211 0.896
- 228 -




e LPNE=1~]
-z LR=1=F=
«BHd e

Shs
u

a) H-&SHY o

+

= | ZH|
4 L]

DA

4 QRO TH2IH|
LRSI
0201
CIXtotH|
0.799

FX S|

- 229 -



« Eeio] 201 \
" EF ZHIO &Y w =y

0.442

SR

0558

a1g)

L P2 E

) TEF FH FTLE- 3
O3 3-173. HelsMe S22/ &3 5%
celEAEEtY e (ol AR AU
" SEMEAAY n Z=MUEAAY
0.811 0.789
sy =M
Mot e Mzt

a) ti¢kell Wit v g5 o b) dicte] wiet He|SHe Fo=
2 3-174. tiotoll CHet H[Z/He EHOl SR

- 230 -



ANAM A A = o

FAt % A%

o 7}

o

Ho

(oFstE) o9

(il
NF
Ho

ﬁ.ﬂ

(2) AHP 7]

"o

ol
T
T

—_

0
,_mﬂ

L

3

ol

B

wolul g 3

wAE g,

g A|A"e 0,896 =

)

il w82 A

3]

Al aSuld A" b

- 231 -



=

Aletel gt |Ee] F4 Wy,

Fod A%

Apol] B)5
tof

[¢

na
mebd, 2 AT
A side] of

7},

2. LCCEA ol ot =A==t =ide FA4Y B7t

ze 7 utg

A
~

MW N T g
0
o Momo T
ol W o
T & ~
]
T o) e ™
o q B T MUL
— e Q#o 7 ,7|.._ T
N w B R =
% oo Xy =
H_VL Q_O ,OI O—E
F o o) T
E NOEe S
T ww < m_w ) g,
of o) X = ]
T° Y MM T i i
S s s [
R N m_ o © ) M/,\/Mﬂw </W//< ] _/\,\Vs/ ézsﬂ_ T
oo B om o Iom gk —z
= ~ g <Jo _U,m ny ._ _ ,_Aﬂﬁ
~ [} B 7o
__ s ) P ol i 3 o
o ._%ﬂ X N o S ’
: g w P E
0 2
w T 3 T B u_z
N 4 o T =
e TomeoT R E]
C —_
O—H O HT_ ,J|U e ﬂ/l m_ﬁ
® o 5Ty n
®r O = ) <
Q#o o~ — o =y - 0
_Ao Oﬁ ] 0 &O [[e}
R ;= Y
% o I K
_H. ay ﬂﬁ ﬂ/]m Mm o ol
~ T o M

O 3-175. bl d
- 232 -



999} o] AFx7|WEZ 3-8 % 7HA| t}he
t}. Leeming (1993)¢] u}

bob Zele] LoC B4 A Ab

REs

3_

°

3ff of

o

H&2 A

1
H

(2) AL 73

W o
2)
A Ae

ol
=

o] =%

=

7AO

°] 5 % ©]

]

9}\

&% Hgstn

o

ol

6—-8 %
6—8 %

2 %

—

O

Hr

3 %

Fol UeRdH Zlojo, 2 Ao A <

3 %
5

58 %
5—8 %

) =

o &z BAASE 24

£

19959 EE 2008W 7} 0] ARE o] 835}

3-98. =29

g

1

1

3-99. =i o470l A
Aol A

H

Zldla= et A

B

o

N

il
S

ol

—_—

o
ol

<

- 233 -



Tof

oll

5.32
5.07
5.93
5.44
6.17
4,72
3.10
4.25
5.05
3.85
2.84
4.10
3.50
3.23
4,50

7t

4.44
4.98
4.40
7.54
0.82
2.25
4.10
2.69
3.55
3.61
2.70
2.29
2.49
5.30
3.65

=@ ol (%)

A B S

—_—

o

82.30
86.40
90.20
97.00
97.80

100,00

104,10

106.90

110,70

114,70

117,80

120.50

123,50

130.05

105.85

71 = wE
(%)
10.00
9.20
10.59
13.39
7.05
7.08
5.46
4.71
4,15
3.75
3.62
5.88
5.50
5.70
6.86

=

e

1995
1996
1997
1998
1999
2000
2001

2002

2003

2004
2005

2006
2007
2008

e
,mo

ol

o

= AellA el Lec E4=

=

HAAHAA 1%

A =, ZHAke] ZFA7E &

5

ol A ol

I

mj

il

40 (30—504)

15|
=

mr

B

—_
fIle)

)

el
ol

o, wA 7R At

upo.

etatel 2049 7], 5% Hd2

o
=
AR e = &ol7lek A

NR

Wt A7)

8t

g A

skof 30| 7]

Alek §ak

A
Fol 30 F7|= 1A

)

PR,

fIle)

=

- 234 -



3-1013} o] 7145}

28
n

E 3-101. SHHel Ala”le] £4F7| o SM8
TE Ry FAF7IA) | A& %) | DAF7I(A)
A=At afd 8 15 20
c-Ad 10 20 30
L—Clip 10 20 30
A=Aty oy 2E 10 20 30
WA EE 10 20 30
HakaA 10 20 30
A& 6 100 -
=4 9y 10 20 30
7+5 mlo] = 10 10 25
22 gy oAy 10 20 30
A& 6 100 -
1l & 7] 6 100 -
A =g 25 5 30
- 10 20 30
Z A7 10 20 30
Az sy °c v
SR AT 10 20 30
WBAEE 10 20 30
Ale] & 6 100 -
(5) @A A LCC FAZEE H|&EA
B AFoAE ® 3-1028F o] LCC £A49 FAFES IA 27|FAH], 44
], A - H7|H 2 FESATH
E 3-102. LCC EAM9o| M=
=5 ZEF SEF
Z 7] FAH| Al A 2] 21 A (A &2 ], =)
A 2] v A7) = A v H4=d] A ]|
A - 1w | S - o] ) _SiA)
H| 7] 2 F-1)

- 235 -



G HA A 27| EAH S-S E 3-103 ~ 3-1059F Zo] FEAFA =Y
Wady g5 i ® A e dis) dHdirtR AbEsklal, & 3-106 H 1H

=
3-176& TG ALY FRY 27| EAuES vlaste] Ve Aol

oA AT Y 27| RN G2 G I Wde e 84,313 «/m,

w4 wid 125,490 9/m', AA sid 91,595 Y/mo2 yEbHTh &4 AT
HES FEWEEG oF 41,177 d/m” Fk 7hAo] ¥ Aom yeiged, o=
5 E e w2 ARl AE Al AREY oAYFoE AFHI7E A A H
vetd Aoz FHHE. = HA wde A a&udel vl 33,895 /m
FE 7ol W2 e yEu dadoy Alad T 5% wide A 2754

7 7P = A AR E AlE Al SAHITE Be] FAEER B dadyHe Bl =

23t Aoz FAE U

I 3-103. fEMyMery ofdA Ao ATt

(h9] + /m)

T k) T4 g T a4 =
o]~ w9 | THK 35 m' 1 27,313 27,313
NAHE m' 1.0 22,000 22,000
orz A R-789 m’ 1.0 5,000 5,000
e A=A A - kg 10.6 450 4,770
e s d A x] =] - m' 1.0 18,000 18,000
E Zu]H| - mnt 1.0 1,000 1,000
e <1 - m’ 1.0 1,000 1,000
AEE T b me ) - % | 1.88 1,230
Zh7hn] - % 5.0 4,000
A - - - 84,313

- 236 -



H 3-104. 25 oA A" ol ALCh T}

(&1 - /m)

T k) T2 9] 5 o7} =
Z+galo| L | 0,04X0,04X6 m | 1.0 15,660 15,660
A= - m’ 1.0 | 22,000 | 22,000
(A 72) -~ m' 1.05 | 30,000 31,500
EPY A& R-789 m' 1.0 5,000 5,000
g ul o 7] 15 m/m m 30.0 40 1,200
= LxT 2EFA Sl 1.0 42,900 42,900
Al H] 1] H] - m’ 1.0 1,000 1,000
S 1ln) — m’ 1.0 1,000 1,000
Q7 e - % 1.88 1,230
Ui A dE) -~ % 5.0 4,000
37 _ - - — | 125,490

H 3-105. MR migdA| Aol 2ALlCH 7}

(&1 d/m)

T k. T+ 9] T lagds =N
A g 900 m’ 1.05 | 319,000 31,900
NEd= m' 1.0 | 24,420 | 24,420
Alg| = R-789 m’ 1.0 5,000 5,000
o 2 29 2] H) - kg 10.6 450 4,770
Y ufj &g A Bl - m’ 1.0 | 18,000 | 18,000
= PRSI RE] - m' 1.0 1,000 1,000
A ~H KCRCINE) - : 1.0 1,000 1,000
Qhd ] H] - % 1.88 1,505
) IS - % 5.0 4,000
A — — — - 91,595

- 237 -



H 3-106. Tt HA|AH SFY XT|FXH|E
(c+9] 1 Q/m)
T A =] 1o 5H] A
dEAFA = 9 55,000 30,000 84,313
=% g 75,360 50,130 125,490
A g 61,320 30,275 91,595
200000
180000 = 2ol = At
160000
140000
ok 410009 HY
120000
% 100000 | ot 72008 &
ar ¥
no 80000
60000
40000
20000
R TESE Ty EESETTE M Iy
CIHQHA AR 55

O3 3-176. ThARY A|AH SR/RH FTJ|SAH| (THe] @ |/m)

(2) fAT g

FABYU G 4719 AT o] WelFr] 454, HIVAL 4.5%% 713t
Qa, E 3-107% Fo] SAMAME B GALHALY FFRE FATe )
g& gasidon, E 3-1087 1Y 3-1778 #AET ST gt v
HAAY FFE SAB UGS A GO BTt

=
E3, dAe AL fA TGS T AEAS ol et T

£

A, d2A4ZAHY WdY Fy S5MEEY A-T A2 yeded, #
f

A 2 #H7)v)= oF 3,500 Y/m’ AE GO

- 238 -



o] vsjAE 30,312 Q/m HE AP Ao

Sade FHSHE Raape) mAR|7E ot g
2ulgo] e AoR BN,

I 3-107. SHELAHAIAH SRYE =M 2 wHFI|o E M - DHH|

(Tl - /)

/\A‘]Z7 by
Lee = g TATILL A g g

/384 F7]
A=AE Aty gid 15 8 /43] 204 49,695
=< 9y 20 104/4%] 304 89,215
A7) g 5 254 /13] 304 58,903

1
g — ><F ....................................................... (31)
(1+i)"

4714, - P=&A7}A
- F=r g g
Ci=0E

- n="R]-§EAYF 7|t

(T - /m)

T FAH) & LA H]-§ A
=AY Aty =gl 27,430 22,265 49,695
a5 48,894 40,321 89,215
VSPURRE| 28,080 30,822 58,902

- 239 -



140000 | eSS EE
120000
100000
°F 390008 X2
5 80000
il ok 9200 A Zt
e 60000 |- - =28
40000 -
20000 -
0 AEdgAM ey g =50 AMxy g
QA A EF
O 3-177. S HA[AH SRYH X &2/ (The - &/m)
(3) A - #7)H] &
A - #H 7 EE AFEY WFrEol B AIHQl 40-50E %0
HAgske v o g2 A, FH7|AE8], FEVHR] Fo2 AT
gy, 2 AFoAE E 3-1099F o] FAH], H7|AEH TS 1
AAAQ A E F7|HES AET = glo] A - #H7] AEIAY A
718k 2 IAgEE A 8-5F T
a9 3-1782 T A AH FRE SfA-H7I8HE YEtd A
A&l TR w7889 ol A gl AR EAEC
E 3-109. St HA[AH ZFH oA - H7[H S
(&9 «/m)
LCC & A - = 7)) &
Ad=dF AN wfd 4,823
=5 g 8,339
A7 Wy 8,339

- 240 -



CO S A H 7 E

14000

12000

10000

3 8000

1 6000

4000

2000 -

AESEAM Y W =5 14 My g

O3 3-178. ChE e AL ZFE ofA - ©oeE

@) ANF7 & WE AA4 B7EH
E3-1102 gdoEAat FRY 27FA4uE D §4 - AAUEAN E

LCC B &S A/ E BAsgon
LCC 3 ¥lg5 YEH Ao,

A=A FAt g LCC FH|E2 138,831 d/moR F& jdof Hs| oF

a9 3-179= "pHERE 473t mE

’

223,044 ¥/m’ A AHEE= Aoz BEAEQ O, 7+9] Life Cycle ZH|&
Aol the 16w AE A Fol7h s Ao

T4 ool ma oF 64,207 A/m AE Fo] Fh= Ao HAEOM, 4B 1
o Life Cycle % ul§ B ojef 0.78) J== FEHFAY sz opst
Az A Aol7h ti Ao BAHYT HEHoR gdey

W Life Oycle % 884 23 4249y Hde 488 49 ole wd
¥ oA Ago] s e ARl He pAuAugoR AANC] Y B

o Aow BAHY,

- 241 -



Eva
ar

Ed|
=]

3-110. HELIHA[AH S/7YH |CC H

M

| =2
S =

[=]
L

(&9 o d/m)

Q
o

P

7| 5 7]

A5 7] v] &

& LeC Hl&

A E) & (%)

84,313

4,823

138,831

1.00

125,490

8.339

223,044

1.60

91,595

8.339

158,837

1.14

300000

275000
250000
225000
200000
175000
150000
ﬁg 125000
100000
75000
50000
25000

0

[

Z 7| F K| A EelH| off A H| 7| H] EETE=
Life Cycle £H|2
Ogl 3-179. HHERBA|AR ZSFY Life Cycle & H|E Z2}

- 242 -



5511/ B [ SN
2w Ao
T4 TN B IR <
W o N do T O B ~ o ¥ X B W
oo %D 5o R T ar
~ —_y KO — m o = 0N 1T I "
L_o N E_E N ~ o Oﬁ H 1
© 5 I o éﬂiﬂﬂoﬂ%%@r
T o =
YE . owom P N N
il lo Ll_._ — [ae) ﬂ/l N — U_! 1__1_
me X T " dl © Jo — X & ol o
FLT %3 o A R
— b ‘ A il =
o m L W = o5 o OS> S
w X7 o & <] =l "oof X n B Ao
o Ho = <0 < = % Br - o Mo Mo 75
— My~ =3 o
N T D R R P om o r D w2
W Ho g N ) N pily ol
oy = _._.L _ 75 o T T
—~ 8 —~ 3 % ET by = .
o N o ofi - )
o o W o m I o] T w W o
L ;B R0 B3 fn H
L_o o) R B o W H_.t ° ﬂv _I/_I —
== X o P~ N w__m = =B EIS
R PREXPE e P
> = & o < X% T do OF W o0
_ﬂe B WI Ao = X o = . IH X XO
q o EK B a I N o) ="
LI = T <o B 0T ) ;m._ 5 o i
@ o &g % e wo
W N | & I z o OB Ow
Ho o — o) X ( F L wo N mi.r X
R m_n Ho < o gﬂﬂ% Ho i o 2
ol oir o =2 T = =
% FHo ST Y i T T & % <
< W c3 B - N R o B
' _ T T o T e KIS Y
= ® = 5 E 4T3 R
&) G S S M%%Mmo@.mwr%
! o T X w I H w oo o o w Ve R
&o = o B b oo CHR g Yo 3R w
o | . v o W
Ho x w R A MEHMM%ﬂNM%C@m
. %{ﬂ.%ﬂ@ﬂﬂ oy lo%@rgrox =
™ TS X ™ L o = Ho o+ A
oo <k T2 X 2 1 x < N
T & Ho - My = R TR TR -
W W W T H R

Al =

1

A o]

Ik

=]
=

7t vl gol
- 243 -

=
T

uhg E 5ol e

kel
T

FA

[e=]
=



« Bt AHgCl M2 Hig B

mp OQ Mg MAEZ O

|
| | | E3mEEy |
HEE A :
: | wEm A |
o EE BN mhe o, Came 5 I
: o] 42 g3 | sgmeEp |
O BN e 3Emzgcms I
Mg 31 ¥ AE B | oy ZA |.> T Opmop o) AR i
a) ARFAQl ©d oY AJAH b) =@Mty wid Al AHE
02 3-180. hE o8 A[AH #H MX] SF
(2) LRt o T A AF)
Oh Bt s eA
a9 3-1818 AFA A A R &Yn A AL Ued Aol
AT AL o g AAYS VEoR FAE TANE AU 27
e epAT AR FAE AYss Ao shgth

SHE

a2 3-181.

g2 232[E Bt

- 244 -



() AZHCIE) A
a9 3-1828 BEFYOIIE) A A AHE AFYAE) HA mES
7

B Ao, ¥ 3-1118 AFNCAE) FAA LS tehd Aol 201

(e/m)

2} v LIy &
T I NN By i
o[ o | wot [ 2o | w39
3.0~3.2
HE : Tlm' | 1| 92,000]92,000 92,000 | 92,000
m
=
EpY g - °] [0.067 100,469| 6,731 |100,469| 6,731
— O
EE
° - o] 10.029 66,622 | 1,932 | 66,622 | 1,932
[R=] 1l
T
A 92,000 | 92,000 |167,091| 8,663 |259,091(100,663

- 245 -



(th) A
Oy 3-1832 AFHAE) A F AT AR L 29 2HY Bae ded

Aola, E 3-1l2t A2 2Y 2 4T A ton F AYIE ekl Role. A

o A FAble A2 74

b

2 ton T 260,941¥ 02 XA

a8l 3-183. 2F AHE MR
F 3-112. 2713 2 =7 L7t
(Y/ton)
] R A vl Y 2
K 24 |2l %
Bk | 39 | W | B | Wt | 29
HD 10 210 | 790 [165,900 790 |165,900
T | HD 13 | ton | 120 | 780 93,600 780 | 93,600
1
=
HD 16 75 775 |58,125 775 58,125
Hfj
b R s - o] | 1.24 110,775 (137,362 (110,775 [137,362
HAIxHY - o] | 0.45 66,622 (29,979 [66,622 | 29,979
i}ﬁ]” 780 93,600 |177,397 |167,341 |178,177 |260,941

1) HD 13 7|Z2o 8 AR

- 246 -



() Wi AR 4

1Y 31848 HRES 7EoR

Z 3-118. AFH(REE) SAH LoAUi7t
(f/m'e)
) T L) 2
i d7h | B | Wt | g | @rt | 3o
sjd 600><1200| Tl | 0.71 |27,600 | 1,959 27,600 | 1,959
Ay =g |200x1200| Tff | 0.02 |14,850 | 297 14,850 297
7 o)A A - 70 |19.002| 96 1,824 96 1,824
3E | =Y Eo] - 70 |20.026| 136 | 2,724 136 2,724
A PAST Vi [Rid - m |0.773 | 1,433 | 1,108 1,433 1,108
| A= - 70 | 2.827 | 968 | 2,737 968 2,737
AF uka] A - L |o0.125 | 600 75 600 75
JE=L - o] | 0.96 100,469 | 96,450 | 100,469 | 96,450
HEoH - ol | 0.45 66,622 | 29,980 | 66,622 | 29,980
1A 45,683 | 10,724 | 167,091 |126,430 | 212,774 | 137,154

- 247 -



(nh) EREE ) A
a9 3-185k WA £AE B B UE ot ZagEe Agizt
L odnlE o wel Aolst glol AHMHOR B ATl A Aom

% 3-185. 232 E Etd

(b A% A
AR A BA A LA (b AF AR D @) WRAZY AR
of AFen ARHE AT wEHRS A4sls Ao sfo] MY 866390

2 A4S Hdo

- 248 -



(b o¥ wa Ak

Y 3-1862 ANAANA AWHOR AHgH EPSHES ol g3t o wd
TA B VR Aol E 3-114% ougdBA) A9HAE el Aol
o BEFEe o v A A9iirke GdA FRol ueh A2 AbolsiA et
AA feh, AAFN A AMHOE AGEH T Yt HAYRE EPS HET} 713
gol ALgElel Atu EPS HEES slEo2 A& oY v Aol Agitirte

mt} 176,1749 02 AFAE Tt ok
Aol ot FHo A9 A7t dEA ool wel AolstA EEkA| Al Hi

J% 3-186. OfLtE 2|H Chd Az

I 3-114. 2t AL Al L9t 7t

(d/m'e)
% 2 el o oo e 24
=45 =4 @7t =9 l=eds =
gy | EPSEEZ | m' | 1.10 | 6,420 | 7,062 6,420 7,062
HAZA| Kg| 3.84 | 3,200 |12,288 3,200 | 12,288
ol ul ubzbA) | m A4 | Kg| 4.09 (27,000 [110,430 27,000 | 110,430
E}; BZFufA] | )48 | m' | 1.44 | 2,900 | 4,176 2,900 4,176
J_,‘—_f} AW E Kg| 3.84 | 4,300 | 16,512 4,300 | 16,512
© A5 ol | 0.04 95,706 | 3,828 | 95,706 | 3,828
u] A5 ol | 0,17 93,579 |15,908 | 93,579 | 15,908
HEdH ol | 0.09 66,622 | 5,996 |66,622 | 5,996
oA 43,820 (150,468 |255,907 | 25,732 (299,727 | 176,200

1) EPS HE 7|02 AHA

- 249 -



TEolA A

=

I mo<

_ﬂ_ M= =
N ~ X
~ I <
< = Ao
i o B
a gl
T
n_A.o ® o Pl
B n,_Ar oW
Ho N
2 - 2
o X ﬂu Gy
R <
m T "
0| TN
z]f MM 4 N
. g M
WE < Eo MH
TH - il I
< 'O
gl T W
&) Towom
el o R
i w o N
o oo mm my
z 7| oF WX
0o = | ay Ho "
. A
m.__ my W w_m__ % ol
oE ,,mm - ﬂ M_MW zt R
= [ ~ 2
i o~ o T
~ 0 Norow o op o
T O T OB T

B Z32E EMM

- 250 -



- 251 -

T
P
o_e L. X 17Nl
<|n o™ i
N N :
Moo % :
L o i= I 5| E :
; ;i [Te)
: WM . , | — e | = H, B 3 m
w K O = F 7° HEE |
T 5 1 M
now o , AENS
o X op T2 ol S I I
xa _m i iLiE m,
e o or i 5 a5 |
T W o F 1 e %
1__1_ mﬂ : ]_ﬁ| ,_Il.ul wrl — o
oo e 17r aHE
alo X ] : 4, | w
X AN N
Sox a B dHE | m
< Mo AP [ x e %
N R = of B N M, 8
B : g 3 e
nmE :A . o_l : —_ o = ™ 3
PO CIICS A HEILE 3
S L - ; el I %
i : | ,
m7w R _omo L 7 : |
T XX E X : S REEE
TiiEEs o T s | s
_X_v _._._0 H ﬂ]mﬂ ME i _DvL 2m 2m ]
T o o X o A T
g ~< i 10 5
B o) M N : vow
\ % s JL:E dl .ZT uu_”_ ﬁ_l (@)
m T AT ¢ 1u %
) B ﬂ |
— 2w X il ; 0
ol ,mwl N oo . ;
T T : |
Bu _Ao E Mﬂ ) rb g | BY o w Ho | o
- 2 0 oW E| RO I H_._mw
™ ,mo X o
Er % B
e




(th =< Wi

el
<]z

of
rJ

]

el

I

3z
=]

R (e

=
-
SEL

1% 3-189

< =2 Al

=

e ot

Aeh 72

Qo]
=

Al ton ©F

L
o

7

al
=

=)
=

3-1162

a2 AEshes de=

=
=

Sfeh 7}

—

o

)

Al AR

2
)

e
o

—

TGH
<]

B
e

|r

Gt

o4 HD 13& 7|22 ton © 260,941 3

3

fw B
[

4 = tif

a8 3-189.

/ton%)

i

(

slsls|lslels
nonﬁ %. %, — e} o =2
| £ 8|85 88
J— —
Py
ol o o 0 0 ™ o~
I S o o= o= N =
N o~ o~ o~ 7; 6v 1y
©
v = 8 | =
BERE
% 123
— | fr o~ o e~
o ) N g
uT AENE
Al = SRR
.UlL o < o~
) © 5
o o e o
o S N o
n%_v o © — ©
To) or) 0 9]
ol _:_U © Io 0 o
—_
H_AI o o 0 o
| 28 E 2
!
‘ao o o o < K4u
< IS = = M =
0 = — —
MDM 9 o) | o
(@] [2p] ©
ﬁ_l — — —
_:_H A A A =
an T am 11__%
o
Mo | 7R
rJ ~ | M
=0 il ny |
mo "R
TR
"=

1) HD 18 7|&2 & AHH

- 252 -



i
F
)
l
g
L
i
f
i
of

;b g :
11
n
¥
]
4
[}
i
L)
|

|
|

E 317 AFE(RES) SA LIt
(2/m'e)
o o | F ] g [ A L] 2
o — T 0
9 @[ g [est (g | @l | 29
g 600>x1200 | |l | 0.71 | 27,600| 1,959 27,600 1,959
Ay | 200x1200 | bff | 0.02 | 14,850 297 14,850 297
ol A= - 7H 19.002 96| 1,824 96 1,824
Z Y E}o| - 70 | 20.026 136| 2,724 136 2,724
71 Z A
TR 7 ytato] - m | 0.773 | 1,433| 1,108 1,433 1,108
A
Wz — 70 | 2.827 968| 2,737 968 2,737
va] A - L | 0125 600 75 600 75
JEZS - o] | 0.96 100,469 | 96,450 | 100,469 96,450
HEoH - o] | 0.45 66,622| 29,980| 66,622 29,980
SHA| 45,683 | 10,724 167,091|126,430| 212,774| 137,154

- 253 -



(nh) A E@u2) €A

28 3-1918 WA 2AIE B4 wES e Aot 2aEe] At
L oo Ao wal golst gro] AdEes B AjoHE A sl Aow
e,

J% 3-191. 232[E Etd

(uh) AEA A
A% A BA Al QYA (2) duk o gl AAE Y “(uh AR 9
Aok B A gkt

- 254 -



(*h) ot FAt

O

a9 3-192% MiBALE WolE B3 m&S vehd
A F dolE =4 BA A ASIHEE UEA Aolth, FEFE(IE) 9
b2l sjde AgE A9 Y Ewo] Beksti ey
MOIE =R nhito] ZHssA B At ofvtE o

upgrel AMEEE A HJE e VIELR dedvtE AR A md

Aol1, ¥ 3-118% AE

ue
1e
>
2
i
o
ot
>,

(d/m'eh)
PR ] | PR Rl e e
@7 | =N | 9@ | 3 | @ | =29
224 13] 0.098 368 368
23] | L 10,197 | 3,750 739 3,750 739
H = 33] 0.296 1,110 1,110
13] - - -
A Aurz) | 23] | W [o.125 | 210 26 210 26
A} 33| 0.25 53 53
Yol | - | Kg|0.01 | 1,650 17 1,650 17
13] 0.028 2,625 2,625
E=ZF | 23] | ¢l |0.061 93,734 | 5,718 93,734 | 5,718
33] 0.094 8,811 8,811
A 5,610 | 2,313 (93,734 | 17,154 [ 99,344 | 19,467

- 255 -



N

—_

o  oXx

o

83 49 oF 91,0009/m FE Aol Hsw Ao 2AHYATL. o AE
Aekel g AsEe Hgste] meh 27] W9 Habe] whE Fabls F7ts
AR Aw AA o8 WAHE vg dgow AL, MR wad T
goagtor dof i ulgo] AgHel sl Ao wuEt ®H, g
W Aoty g Aage ngy AFY Ade Faes 94 Wi ww
Sela wjmele) Zheat dols =4 FARORE uhzte] 7hedty] o] A
o] 7Tt Aol Utk

E 3-119. 38 & JAtg|
Aut od ©d AJ|AH =T Aty sigd Al A"
7% S AHH| 5% S AHH]
s 2 E g S ARO[ Al A £ sl ZazE B SAHH] ol A A 2
o5 AfH e At
‘ AA F wd g ‘
ou AxH 41 | m’ 100,663 ] B m’ 164,516
a9 Az
PP
A w2 ton 260,941 A2 ton 260,941
Wi AEd 41 | m' 137,154 YR AZY 432 m’ 187,154
ZAE g4 — | FAHH] A A2 ZAE g4 — | FAH[OA] A 2]
AER A m’ 8,660 AER A m’ 8,660
oy thd FAY | m 175,200 a2t ALY m’ 19,467
A 682,618 A 590,738

D =47 Aty sid A 23, 2) EPSEE 7]E, 3) HIUE =F V&

- 256 -



1000

900 |

800 [

700 |-

E 600

or
o

500 |

400 -

o

300

Ho

200

100 |-

AEdSEMY 2 ALE

ol

<I

pallll
ol

B

SAtH| B[

a2 3-193.

- 257 -



(5) FEFEIE) @%F FAH] A=

b A A8

a9 3-194= S5 ATl §AR FEFEeIE) A 9] HixE Bl
Q=S YUetd ZAolx, I 3-1202 FEFH(olE) ZA dAA A= fas
vEtd Zolth, did A5ES 5L 2.83 m~2.93 m, 13~1639] AHER 9
duds ST 2y % 3-1213 Zu. &, 1015 9 10299 dS5E E¥ole

3-1213 Ao,

(A

[ 1]
(T 34159 . 34159

L

[T | [

H B HHEBEBHBHHEBHBHBHBHB

37640
43300

e o il
I [T AT

—

101%, 102% 103~106%

[e]
a) YW c) A= A

% 3-194. ofak dE =

o>

- 258 -



T SAF N2 H] il
S A ‘STAL ot E AlEHFAF dA
o 2] 91 2] 5 AFA 3894 O O
A o 2|+ 2% ARFFEAR A, &2 7k 2]+
o 2] H 2] 13882 m2
A=A 3137 m2
o H A 47870 m2
A9 & 22.59 %
FH o] 46 m
Ao 4 2564t (A, A-1: 170 A, B : 86 Al|tH)

H 3121 V=9 dHEA ME

54 25| AzEEAAA <% 2w
101% 13 34,159%37.64 1,286
102% 13 34,159%X37.64 1,286
103% 15 34,159<43.30 1,479
104% 15 34,159%43.30 1,479
105% 15 34,159%43.30 1,479
106% 15 34,159%43.30 1,479

I 3-122 SH ZAH|

vk o kel A|Ad G2A Aty A Aag
g2 azy SR lssl azye T2
TAP (A 9) A (A 9)
101 1,286X175,200 225,307 | 101 1,286X104,467 134,361
102 | 1,286%175,200 925.307 | 102 | 1,286X104, 467 134,361
103 1,479X175,200 259,120 | 103 1,479X104,467 153,490
104 1,479X175,200 259,120 | 104 1,479X104,467 153,490
105 1,479X175,200 259,120 | 105 1,479X104,467 153,490
106 1,479X175,200 259,120 | 106 1,479X104,467 153,490
5V 1,487,094 542 882,682

N

1) EPS H& FEz FAF 7|2
2) 4= Azt Hd5AH85,0009) + HAE =AFAN19,4679H) 7]E

- 259 -



200000

180000 -

160000 -

140000

—~ 120000 -

o

-

1 100000 -

~

al

=]

80000 -

no

60000 -

40000 -

20000

UBHHN A 1D AAE

Ho

Apoll Sj@ste ouulzr B

aL
[e]

Ao} §rE 4P Al

doz %

s

., 1035 ~106%° #< 259127

59 7 22,5314k

ARBI7E 42 E]

o ¥

|

148, 7094k

10292 7% 13,4360rY0 2,

SR}

A o]

of FAbal 7}

=

88,2681k

Mo &

15,349

J))
of
ﬁo

Ho

1035 ~106

17 ee A2 YT

of FApulz}

Al28o] H]ske] oF 60,4417

O

- 260 -



~
Ho
l
—_
o
ﬂAlO
)A
i
_

Ho

3

b ot 2t

AHH]

jme] E A
o) 5 uhzhA o] wet o)

)

9

A9\t 7 Aol o

ol
TH
<]

B
e
ar
)

0

gl
=

i

2 590,738 ¥

A H|
—wa

g A

=i}
=

EPS HE

.
.

DAHOoR AL

sto] ©f 91,000 H¥/m’ F&=

Alete} sigd AJgof H]

Ao Ve,

0|

] /m’

[e]
2
Rl

Apu] 7

682,618

g]

e

=
o

al
[€)

!
vo/]

SAHIE

148,709+ 2]

-
1

AHH]

Ho

<

g Alxd"le] 9= 88,268 O 2 oF 60,4417

jui]
ApR|7E AzbEls Ao ey AAA #

Aol A

ar
[e]

- 261 -



A8 dAE

)
R

0

el

o

)
ﬁe
K
H

Mo
ﬂ.ﬂ

o

3

P 9

Neks

A A B=2E

A e 7

Z(TiOs,

)

a1, ¢t O] AMAFS Blockd} Yellow©]

25349

TiO.7}

3

SHA WrERg T E

A g e

;OT

4w

=

i

3

71

3

E

T
o

0

;OT

of

o=
R

4

o
-

i
=
)

)
—_
file]
X
file]
b3

2 ueht gy

)

FelT, 1 A Axs) 3.00]

R
4

L

‘_OE

Jgd 9 3HkAl =2 o] sfdte] ¢a

N
oo
ue
=

o e AL HILAY Mol Fach webd, A

15
=

3

iy
K

T

el @

=
[€)

4

ol
—

N
Nlo

7

el ou 2 %ol Aol A

=
=

23

7hE =

=
[¢)

shof 7t

a

==
o

- 263 -



sto

b

A = PLiI} EPSY

A

T

Z o2 Plaind} & o7} gl= Aoz ghubytrou V+CB+PL

At

AR

ol
)

F7ts]

A = o] Plain Xt} ¢F 10 %

§ st g

[

E B¥o o

)

i

—_—

@)

4

To
o

i~a

]
T
gayl
W

1A% e Ao et @Ak o

o
U

[e]
=

=3 77124 gaig AL

E[_].-

el
=

N
Jo

HH
Hr

Jo

o

ol

ze]
wjr

T
Tor

ol

. 2=
o] dA=k

ol

ol
Hlo

Jo

Uzl

o

o
e
il

=
—

& ewol

o

E
=

PL ( PV ( V { Plain &2 2 1}

o
-

=S

Nio

3

gt pLO| 7}

Plain¥

B} eunEo) s

&3t 4

4

o

=&

Al

N
Njo

B

—_—

o]
NR

|r
T

b

ﬂu
T

o
ol

o

stglew, PLY} PV 7

=
=

ok

H o
=

s,

2 0.15 % ©]

3} Polwate

A vhebe

[

1.5 MPa ojJo =&

1
N

Rt

- 264 -



4, +2E XY D€ A" AL

1A AR

L

)

AzEe A

o
=
9

T

&3
B
W

—

<l

A

£
Giin

B
ay
0

03

e}

o

m
_

LA

3

WAF AR AR L ohwE AT %

B

o

A}
A

Al

=

718A W

g =739

d
R

o]
=

A2 E Mock—up A|EA|
22 E Mock-up AlEAN(F714A welufy,

Z18A g, @i Rs =3

[e)

T

71 AA e,

EEIEY
e s @it s ( SAYE ¢o02 77

=
L

AE ( AR #Oo2 UEhY F7]1EA

HJ

o}

Fod

°

Al |

3
=

A2 E Mock—up Al

B

o

—

<
ol

[

= o
T

Aol A

=0
T

FHAA ARE 2AA @ wda Sy A

JhEs Ao et

=

EAo| 3

=
HoF WA AHP 7|

J

Ho]—

S|

S
a3

=]
L

ke

AAKY EA

o o] il A
AA

15|
=

ol

1A= &

S
=

=]
pum

I LCC

S

°

PR

9

S Al

L
[

ol 73 A%

5

4% LCC H|
Al g2 vl gof o

al

2010%

=

2191 ch 7}

o]

71AA dhuid AJH 9

=)
T

B
o
xr
il

mjn
IA
Ho

)

Ho

o

- 265 -



H 4
SEUNE W BEEON J[0E

7O
ay

o
e

T =

B

A1l

i

)
.

o}

ol

o
ol
oo

B

ol
Y

AFEA Thewt

-
.

5t

s}

4

stof ol

B

—_
o
0

4

Z o
RO g S
-
ud
UAIO
;O_l
=
_ W
T &l @ ﬁmo
i Z
N Jo oy
o i T v E =
= N w X "
il T = oo X of of
Y T %o TN R
) L = "W o S
dl ~ .XL
) B o o
N = 3
i I B
N At i w B § o
B B o il
o A ~ W o Gy
oo B x
N W oF
B T
iy ™o x°
0 w = ~ e
= i WJ Gl 3
- L= = 2
5 ol R = N
W OF X B b
oW CRT 4

- 267 -




0
(o) (@)
(@] (@)
— (@) o
— m o
= N =
X
wjr —
TR B
%u wr o Br RT gy " Mm M e 5 1 .
JJo R m __,m_m = O\ E e 1__,“_._ Ul T m Hﬂﬂo o m
o nfy @ XY oy oF Mo o Vo B o mm T ™ 3
o BK N " o N ogn oo o Moo 2
gy H To a- o B n o1 of o
i il A G O - @
g B ~ ur v Yo% woof B P ) 3 ) il o vy g
= = N w X F O it E = = o B
= E 8w N O S T r R
o AK o gy iy % a|l N KX % % T e e ke Cl ~ W
T o o P I I SN I 3 %
T Mo w3 T mE| B oo B wope " o B 7o dlo
No o — T Tos T o o — i o
el = I = Bu Ho T .= X ~° @ X X0 7o X
T A 0 <| o ~ S X X
I N © 7 < R b A W | o B
%Mﬂ%%% D T - w K om e B ow P v Y
! 1= ‘_.1 - L a7 - o)
%%%@%%%&ﬂ@ CO CECECI i m e E
Gl \Dﬂ_ \Du E:. ﬂu _,.z_._.a ‘_& m N z,t Wﬁ o ! < _.__1 ~ Bl = E:u = = 7o g Mﬁ
ol u.A.o N ﬂrﬂ DT lls B O W:l ﬂlW .A# — A1_ o .A..* E._ A‘._ fre) -
s . = T OB T W o v g 03
- . . . ar ow.c OB | By
i E._ ° . g 1__0 ‘Dv‘._ w o)
T Pl or - . . . ) pr
..__o B N g X e M
fo) O 3y w <| ol o To
AR W M Al T T z 3
_ 3 R ,_:._._ i gy EX " u_JLm
R = B T o z B ome i
® 2 =2 Fr | T3 |zic 5
o~ T N B = I U VI O X°
S B R S W o © O
T oo W i I
of o] W

- 268 -



(@)
S
(@)
Rl m
e 2 |
O .
o il : :
I 5 : ,z
— i EO
m.a __ oW il & a_ ,nA_l
q 5 of N E :
r- ol m ; : 5 ;
g =3 el i - ! m
a7 _ v ™ X - ;
w_.,,na ; w_ml. i 4 mO ol [2
|- X . ;O O
_ ; : 1@ i T o %
: 7 3 T I oF T
e o N % ,@ = i o :
: %ﬂu_ Z.._ .uNO % 7U ,mw. M ﬂ _zﬁ Hﬂ_..WE
o J = - %O il P o %
X M_v wﬁ 5 v i w& E :
M.H ,W Cu_ .m.ﬁl | V_O _ul _l_l ~ »A.._ H_ﬂ_
<|m o o) o e . ;
. .m;A O - ]
. : 5 * T o ol B
Ho o ] - oL
] ;O\_ 5 .Onﬂo .lO
. o) o ;
wm [ ] [ ] ‘_ﬂ.WL
4 o -
< « -
N 2y w
8 = N >
O el - :
ol
™ oH >
T
<]

- 269 -




Al 2 A FHRoF 9 7=

HAA 9] 50%0] 442 2HA] 5L

(el e}
=T

s o

o] 2%

Ho

L
o

oK

B

o

Bl

1l

i

ST AT oy XA

Q/]

l

Je A2 7idige] wet, ZA2E 24

A~
T

]

z

|

A dope] ayr) ridiEw, 7]

A

ol

IR PSUEREPE]

T

A TUALE WHERRA Fel7]&o] A b 7)Yt Het

o)
, ASEA LA H

[e)

B

3

il

%

wK

Hggho] whet

Felo] G a7t A

°

ApA] el A

7r

)

Aoll= A whEH

9 %

=
[€)

1
—
o
Ho

ol

O
Gl

ol

)

Aete HlEE A=

olAE eluo] dA 3}

(€]

=

=

o]

vpolaE FF

=i
=

1

T

71zl M

71d &g oy sidel

1

L

SRR
gehd, 2 )

AL
;00

o]
it

d7F ZIH AL, o8 §

- 270 -



o B9 ofstE o)A WA

b oy &4, 2=

5
R

R RTAS Re A

1
R

Ho

{F

- 271 -



H 5%

|

ol
=
Rl

Tl

-

o

ZIAe] Z2aHE dAY

o

|

N

ol
U

ol

J8-3F 7153 QA7)0 ALY E

ol A
=~
AXLE =3 A" A5 2 A

A7 FH

=

1.

Jlo

Fotol DA ofFE oA GNsHow

il

THRZ A}

™
o
ﬁo
o

e

ol

oo
o

v
=R
i

B
oy

—_
o

I Ao Adgdio] =g o ol

SERE

7},

T4 o

B

1=

(1) =2AA 4

2 1 =
Fl
o
e | s
= ' b
=
Be N T
X o I
N  Ho mop
ol <M
LI - -
Mu o X rH
o mo T %O
Ho M o H
—_
7| % e
X | =
E w
~ _
03 B
N o
N MC o
il
K m_u el 70
O = E wjr
T I
4 W<
D=y Ho
< oo
T ZF T 9T
™o F R

- 273 -



W H = = = =
A T i I i T
m | WM Monp | M W
el el T H | BESH | P gSE
ol B N A T
N el WM AW
Ol mm | e | T Y| o o
o ol A o o o W | N
o 17 of 1} H B° R
o B° o Bo | o EO T B0
x| o W of ™ | 4 M T
3 s .. .. ..
R o "o | of m T | o B
oo OB | o B Mo o
o N L of o ™ of M
e K| of T o B do of
Hm 3 w: T° LI o
N T ) T )
Gl e o B W g
7o | T < bl
H B B X | do N e
ol T W A B R —
" | To e ™ = ar H_H 7o
T o o | P A = i X m?
T X Jnmﬂ ,M ﬂ = N
~X T X0 ~
HI m_l ~ HE ﬂAE E__.. DT FL
SHT |87 ~ Fo R
ST W | W YT oo " | N e B
_uﬂ — — — H
il o o o =
N Yo N Yo [ e N
(@] (@) (@]

3 At

E
=

(3)

o} o} ol
e 0] [ap) o~
e 0] 0 ©
T = — —
& T T T
i 2 = =
m (@] (@)
A N N
" 3 T
L B I B I
Wl FE T T
B R Bo | R TR o "I BD
do T W | W o i T R
,m__ Mo M| 4o 5 W
N | B T TR | B of BI OmM | B of R
G T K| F Mo R T | F Mo T
TR H | Mo R | N oo R
wu Ho To & - B
o} ) L
: e mﬁ wh| U B
oo MW =
= | % mE o= | oW
® o | o oF W AR
L N N ﬂ J| °m
o)
w o | T B
o | rw o F WO
T N BV pe T = o
H
B! S = =
wm S S S

- 274 -



Hedt aavleel At

N

3T

=

N = < liag~a
e ol %o s z
I An o 4 00T e
~° o R’ T o = N
= Ry [ TEX T T
ny - ~ T WA = T X
W oz S TR B
%%Aﬁ% MMWMO_EM%%E_EﬁLmﬁ %@mﬁﬂ%ﬁ
0 o <0 X° ™ <K R © < X° o
= N oy B T EN
N — ) —_— » ,_w.e )Ao ;Ot 9 )Ao
%ﬂl Q.c JAwo _ﬂnﬂ ﬂ ™ X M o R 10 ‘_.#_mo .AT ! oy g Hmﬂ_l ‘_.__m.o T T F1
X 0 o e AP w o)) on L F WY i~ 0 o L
Mo < m ﬂclﬂno_ﬂm}ea7&% Br® |3 g ™
pre® P Paby T e FETh A
dolm " T G| R ™ o H T R o D Ao oMo B
= | @ wK Wo oK = Nlo m Tor ny =1 ~ o T o 7+ w Ko J)J | m# B Jo o T
Wz 5 W W o R o o B (s A -
- To T oy MRS m} T= ~NK 1'_“,! 0 E.:u
N _..E UEH ~X ﬂ :.L _ 3 o _SL E_E dl _E E._ ‘al ‘_IH’ lo [ I.MO :H_nﬂ
o ) o mmes = B4y e "o %oﬂm_xurimﬁ
m_ X Fwm| o MBX®F o LITb oo ol W
R N oM N m A ooy o <o
o o S, R — & =T N M =
Moz o X T PP TR T |TE g T W g
ﬂ?ﬂu B o | T T T LMW T TN | R of .
WX H T F| MO EFEEHDTET M AR RT A N
o B R W B Bl Ho
il I Gl s
™ Lmuro 17_A| FL ,ﬂo 5.0 ;Ot ,_._uo E# _.E " =1 MH_
»A.._ ﬂ_tw H_L ,@.U X .m_l i} H_O
o M o e T R il Hu,MQ.A_
NMomom oo F o <

olo

oF

N

.En
!

oI
-
®o

Ao "t oz =7b Abglel 1

=
=

o LAy

I 7522k 2 2A

5]

=
°©

obvtE MAE

OF %] 0]
B |

d

- 275 -



of t-g-3talA} gt

ColwtE duiz FZ % 3k

X127 oftE o oA N AFE Foto] AATEA] AR EAHOR
AHE HES A Hesle] ZagE Fdux] oud By A=z 9 s
AR Haste] 832 ok, ®3, ZIE 493 o, ARl g A

54 palo] HolA: glom, FW A WA oftE GdeuA AL 3}

o
e
=
_|>i
oft
%
=
2
1o
2
-
=
e
1T
::1
(il
filo
ek
ofo
H
_|>i
o
iu}

CAESE AE " AR 2
MNE71eS AFsFstol ik 2 Bgsh7] fsid= F71

ulo] meto] Wastul gltATT B AL A7 Aol YNk B33

iy
lo
U
>,
fu
we,
ox
[
e

EURIE)
e
A

A, BEAYE Zba Qo ®eh B OAE Ve 3 9dude A4S
A Rw 2go] ydge] wet FF b2 §rRE HEMsAS HET A

olth.

- 276 -



He6 %
ANt oA +E2t sieustr|adyE

A 1A gdeEay el y)euie

B

AEA 2 HE

o

A2 A58 FrIgEA A

1,

7, ARAf vy av-va v (H)

At

TR

[¢]

e 5

loll $1%

ofo] A E 75 A

F)=
7N

g ol A(

d

=

Al

o)
=

A

Afe]

o, =

o_m

£l

ol

e ol d(F) oA

Qo]
=

- 277 -



[P
T T

Ajm) o]

#3755,

8 6-3. At

- 278 -



BER e wow, yshdo]

E=&2 °F 0,051 W/mK

il

o
=

)

3

(

of whel 945 C7bA] A<

=4

gaul]

- 279 -

A = 4]



<MIIZ= JhE>

- 280 -



v, 7 DAL T (KR

s

z

2 EEAY a1l 9

[}
=

A (F) 2

A

-
T

A 8Hd (F2) ol A

-
T

of uwj-¢- 2L, WAo] o=

=&

a4

EA| 2 A

T+

el

AL

|
o

K

ol

o}

= H] 104h)
55 % + F718ZA 45 %S AAA HExAQZ I

s

9| sHjE 317K

Wb 2ER

hva
=

- Al

FAIA Al =

bol, 7hgol 4%

)

2

=N
o

o] 7}

Z}
Al

f HEFE 29 A

- 281 -



2 AdEol, dd&=E&0] °F 0.048 W/mK %

SECIEH

H
~
!
o
Hr
T
Lo}

H

o Zhekstnl, Aol 94

Ho

set Tl M=

&>

Ao Lh74 Al

<Mock-up Al

- 282 -



2. Passive House ZAZAA] ZAAIF] ZH4

A7 A7 Fefstn 9l

— Passive House ZHA|3|o|= oF 1307A} oA+ A=
Ao, &, @7IAL" 5 Passive

s

on, AZE GALA, ALY B
9 AEe] AN HAS

EREEEER

House®} #THE 7}
S B AAEY AL Ea olitE B ouAe AAAM W T AAdo
g 43

o
2
El
0%
>

- 283 -



=E]
=k

st
=

=
=

<FF7A

Mo

- 284 -



3. dE A|AH 9

Qe

-
R

5t

IEf o]l A 7H |

A

1

e

2
=

v} 7| (Wacker) 7]

s

Forlo] 9%

[

- =g yaa

ek Al

=
|

— HFA(Wacker) 7]& LSAIE o] A

7} 7]Hto] =9l &

s

S

izl ms MEUel 7|

g 6-11.

I

~ fgelA ofm

il

3 = 1™E

i
o7

o

blo
el
ez
op
ne
ol

-4

7|88 B ool gt ¢9S 200~300mm A E 9]

R
b Ame A

Al
o

P, =i ol A]

)

7 289

39

I
his

SOl Hgt =

, 71 Al

o]
=

—_

T
&

I
T

- 285 -



a7 6-12. AR 2T HfA[E SHRA OfutE Al S ALY

g 6-13.

- 286 -



=
H s

g9E gEHA #E A4 7leH

o.

tol 20109

)

I -

=13
=

op
—

o

JIC(2

- 201149

- 287 -



A2

A

HM73

2007.3

3
=

F=r Sk 2

2006
2006

k9

5.

,_nao

tls

L

o

‘1009 A& 7t

t_].!

174474

A

2004

B

~

;OL
)
JﬁNO
)A

Ho

K

o
X

B
oF

ol
-

Jo

2003

’

sghgh A A

A7) HERAA", FIYsta njA7]EAT L, 20035

24,

s
=

= 3t5}7)

i

2002

-{:J.!

[e]

HEREE

}

A
QI

=

=

o2 7] & A4, "EPS A oA

A 7e A, ()2

o

EA)
14, AFGALE “EPS ©gA A

s

2002.12
°

15,



H' 2001

B

XO

¥

AR A

il
N
)

—

AAFTA, "2001 ¢

=

™

A

17, dlo]

2000

3} A3 1998

AR T AR

=i}
=

A

o

1982

]_”

.XE

B

B

2006

P, B Z8kAE 1999

1994

AL, 3lFe, 1992

B

Q] -
9’

<

35. o|Hj

HJ
oF

Tor
_

Gl

ar

B

e
—
A

Jo

2008

B4 2 Aolul g

[

o
=

2004

2004

i}

19)

;0_1

o

=
__O_l

1

o] s}of &}



1998

Ll

F¢)

o

g op i atof

oA
pp.335~338, 1997 4

_04

B
o

)

ol

=4, A20d A=,

it

o]

|

AH
—u

A|51H A2
pp.241~249,

A%+,
Zﬂ 8§9

22

s

A, A25¢¥ A|1%, pp.263~270, 2009.1

d, TFEA, R, W, ¢
A

o] oA A]
d AllE, pp.551~554, 2008.10

A, A25%F A|8%F, pp.365~372, 2009.8
1

Ea

[€)
AZA, A22d A2%, pp.251~258. 2006.5

A23%., pp.68~T72. 2007.2
3, pp.73~75, 2007.2
Rk Tk o Hof u}

pp.689~692, 2009.10

2006.8

=
[e]

3]
S

45.

M

v

Al22H A3

=3 A=A,

9 =

T



A21#H A6z,

], pp.762~767, 2004 .11

2, pp.971~974, 2004.10

o, pp.255~262. 2006.3

pp.41~48, 2005,6

Tor

oA A]
pp.283~290, 2004.7

+

HO
o
WO

pp.243~250,

13l =23 AdA, A19#H A
F31X] Al47H A5Z, pp.

A204d AT,
A, A19¢@ A1135, 200311

T, BFeldAstE =83, A23d A1E, 2003.3

103, pp.161~168, 2003.10

50~53, 2003.5

2004, 7

B

pp.28~31, 1992

—_—

Hjn

62. Aol A

Black Radiation Heat

"Annexl The

2002

2010
Transfer Coefficient,

RADCON Manual,

”
’

7l

63. Physibel,



64.

65.

66.

67.

68.

69.

70.

71,

72,

73.

74.

ASHRAE, “ASHRAE handbook 2001 fundamentals”, 2001

University of Strathclyde, "The ESP-r system for Building Energy
Simulation User Guide Version 9 Series", 2000.10

Thomas Blomberg, HEAT 3—A PC program heat transfer in three
dimensions, manual with Dbrief theory and examples, Lund
university, 1996

Yarbrough, D. W. and Wilkes, K, E,, “Thermal Properties & Use of
Cellulosic Insulation Produced form Recycled Paper , Proc, Con. on
the Use of Rechcled Wood & Paper in Building Application,
pp.108~114, 1996

Thomas Blomberg, Heat conduction in tow and three
dimensions—computer modeling of building physics appilications,
Lund university, Sweden, 1996

National Renewable Energy Laboratory, Loose—Fill Insulations, U.S
Department of Energy, 1995

H, M. Kiinzel, Simultaneous heat and moisture transport in building
components, One and two dimensional calculation using simple
parameters, Fraunhofer IRB Verlag Suttgart, 1995,

C. J. Dey, "Thermal Performance and Applications of Transparent

Insulation Materials", ANZEN Solar'93 Conference in Fremantle,

Solar'93 Conference Proceedings Vol.1, 203~208, 1993

Dolley, P. R. et al,, "The use of test rooms to determine the
thermal performance of transparently insulated opaque wall",
Building and Environment, vol 28 no. 2, 1993

Robinson, P, and Litter, J., "Advanced glazing : Outdoor test room

measurements, performance prediction and building thermal
simulation", Building and Environment, vol,28 no.2, 1993

Liisa Rautiainen, "Transparent Thermal Insulation(TIM)—-Performance
properties", ETTR-research program funding by Ministry of Trande

and Industry Energy Department, 1992



75.

76.

7T,

78.

79,

80.

81,

82,

83.

84,

85.

86.
87.

Norber Lechner, "HEATING COOLING LIGHTING Desingn Method for
Architects, Jonhn Wkliey &Sons, New York, 1991

Wittwer, V., Platzer., W, "Transparent Insulation Materials", Proc.
SPIE 1272, 1990

U.S. Department of Energy, 'Insulation Fact Sheet', DOE/CE-0180,
1988

Knickle, H, N, and Kalthod, V., “Evaluation of Commercial Thermal
Insulation in vertical Panels, Journal for Fire Thermal Insulation”,
vo, pp.12~30, 1981

Day, am., Suprunchuk, T. and Wiles, D. M., “The Fire Properties of

Cellulose Insulation”, Journal of Thermal Insulation, v4, pp.157~170,

1981

Silvers, J. P, and R, P. Tye Edited, "A Survey of Building Envelope
Thermal for Anomaly Correction, Volume II—Proceedings of the
Department of Energy workshop on Building Envelope Thermal
Anomalies, ORNL/Sub/83-70376/2, Oak Ridge National Laboratory,
1985

ISO 10211 Thermal bridges in building construction—Heat flows and
surface temperature—Detailed calculation, 2007

ISO 14683 Thermal bridges in building constructions—Linear thermal
transmittance—Simplified methods and default values, 1999

BS EN ISO 6946 Building components and building
elements—Thermal resistance and thermal transmittance—Calculation
method, 1997

INHET, "E AL X -2 &) R oBEL E MR, BT, 1990

L AEE, "B, 2k, JFLERE, AR, 1983

HImHEt, "EE B2 E o i lE & ¥R, H EERE1976

ElsEls ob, “EH LRy OKIEEN, 1961






	제출문
	보고서 요약서
	요약문
	목차
	제1장 연구개발과제의 개요
	제1절 연구개발의 필요성
	제2절 연구개발의 내용 및 범위

	제2장 국내외 기술개발 현황
	제1절 단열재 관련 산업동향
	제2절 외단열 시스템 관련 산업동향
	제3절 열반사 도로 관련 국내외 기술동향

	제3장 연구개발수행 내용 및 결과
	제1절 연구개발의 필요성
	제2절 차열 및 고반사 도로개발 및 최적화
	제3절 단열패널 구성 원천소재의 특성 검토
	제4절 무기질계 압출 단열패널의 특성 검토
	제5절 외부 환경변화에 따른 일체화 특성 검토
	제6절 단열외벽시스템의 모의구조체 검토
	제7절 경제성 평가
	제8절 결론

	제4장 목표달성도 및 관련분야에의 기여도
	제1절 연구개발 목표의 달성도
	제2절 관련분야에의 기여도

	제5장 연구개발 결과의 활용계획
	제6장 연구개발과정에서 수집한 해외과학기술정보
	제1절 단열외벽재 관련 기술파악

	제7장 참고문헌

