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SUMMARY

I. Title

Development of Remodeling Method of Aqueduct for Improvement of Agricultural
Water Use Efficiency and Rural Landscape

IT. Purpose and Need of Research

1. Purpose of Research
This study, conducted to develop remodeling methods for decrepit aqueducts and

put the resulting technology to practical use, has the following purposes.

A. Aqueducts without water leak

B. Aqueducts compatible with the rural landscape

C. Aqueducts without repeated destruction

D. Aqueducts with structural stability

E. Aqueducts with durability

2. Need of Research
A. Concept of remodeling

Rural area, unlike in the past, is witnessing its role redefined as the location of
living, production and rest being required to play various functions such as tourism,
leisure and experiential learning. In the past, canal structures were needed purely for
agricultural purposes but currently their roles are being changed so that they can

accept diverse requirements of the society.

B. Importance of remodeling

Among the aqueducts in Korea, 5% were built in the 1960's, 48 % in the 1970's,
42 % in the 1980's, and 50 % in the 1990's, thus about 90 % of the total being over
30 years and past their durability life. Common problems of the decrepit aqueducts
include water leak and destruction of expansion joint, corrosion of shoes, and
corrosion of concrete flumes.

In addition to solving these problems, the aqueducts, exposed on the ground, are
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important canal structures closely related to the rural landscape. So, developing
efficient remodeling methods for decrepit aqueducts is an important, absolutely
necessary task.
C. Differentiating factors of this study
This study can be differentiated from the rehabilitation methods currently

available.

(1) In this study, a complete aqueduct remodeling system that comprehensively
links repair of flumes, replacement of expansion joints, and repair of concrete

surfaces will be established.

(2) For the aqueducts that have no problems in their structural function, a
remodeling method that repair cross-sections (patches) by installing polymer

concrete panels in the inside will be proposed.

(3) For the aqueducts that have problems in their structural function, a remodeling
method that completely removes flumes and replaces them with newly

manufactured polymer concrete products will be proposed.

(4) By conducting a demonstrative construction using remodeling methods
developed in this study, the possibility of putting to practical use, and

commercializing, the result of this study will be empirically proved.

[ll. Content and Scope of Research

1. Current state of aqueducts and establishing of remodeling standards

A. Current state of existing aqueducts

B. Establishing of remodeling standards and designing of exterior

2. Development of materials

. Analyzing existing materials

A

B. Developing materials for precast products

C. Calculating materials constant of polymer concretes
D

. Developing repairing materials

E. Developing shoes and expansion joints
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3. Structural design and full scale loading test

A. Structural design
B. Full scale loading test

4. Development of technology applicable to remodeling in the fields

A. Demonstrative construction in the fields
B. Follow-up survey of expansion length after demonstrative construction
C. Analysis of economic merit of the technology developed

D. Repair strengthening methods for sustainable concrete structures
5. Specification for manufacture and construction

A. Specification for manufacture

B. Specification for construction

IV. Results

1. Current state of aqueducts and establishing of remodeling standards

A. Canal structures in Korea show rehabilitation rate of 69.0%, and all
rehabilitation projects are being conducted as national subsidy programs.

B. Among the aqueducts, larger ones (1 x1m or bigger) account for 29 % and
smaller ones 71 %, and 60 % of the total were built in the 1980's.

C. Causes of rehabilitation for aqueducts were decrepitude and destruction (about
83 %), risk of accident (about 13 %), and functional deterioration (about 7 %).

D. Repair accounts for about 65% and replacement about 35% of the
rehabilitation of aqueducts, thus repair accounting for the majority.

E. Causes of deterioration for aqueducts included expansion due to temperature
changes, freezing and thawing, cold joint, neutralization, and cavitation.

F. Types of deterioration for aqueducts included destruction of joint, crack,
exposure of aggregate, peeling off of surface, corrosion of surface, corrosion of
reinforcing bar, and efflorescence.

G. The scope of remodeling included replacing and strengthening of flumes and
repairing and strengthening of piers. In addition, 14 models for exterior design were

proposed.
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2. Development of materials

A. Among the existing materials, crack repairing materials include epoxy resin,
polymer cement slurry and acrylic resin and patch repair materials include polymer

cement mortar and epoxy mortar.

B. UP-MMA polymer concrete was developed as precast product materials, and its
mechanical characteristics were identified.

C. Materials constant of UP-MMA polymer concrete necessary for structural
analysis, including compressive, splitting tensile, flexural strength and modulus of
elasticity, Poisson's ratio, and thermal expansion coefficient, was identified.

D. MMA-PMMA polymer mortar, whose optimum mixing ratio (according to
temperature) and strength characteristics were identified, was developed as repairing
materials.

E. Polymer concrete shoes which had good strength and corrosion resistance and

expansion joints to which Poly-rubber sheets and STS attached easily were developed.
3. Structural design and full scale loading test

A. The size of standard cross-section for polymer concrete products in 15 cases
was proposed through structural design of flume and can be useful in the fields.
B. Measurements of deflection and strain through full scale loading test were

within the range allowed, showing no problems posed to safety.

4. Development of technology applicable to remodeling

A. Demonstrative construction was made of the replacement method using precast
polymer concrete products and the flume rehabilitation method using polymer concrete
panels in the fields, showing satisfactory results.

B. Construction period could be shortened as compared to rehabilitation method
currently available and constructability could be improved, thus proving the
technology's sufficient competitiveness.

C. Theoretical values of expansion length of polymer concrete aqueducts proved
almost identical to measured values thereof.

D. Remodeling method with precast polymer concrete products was showing great

economic merit compare to rebuilding with reinforced concretes.
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5. Specification for manufacture and construction

A. Specification for manufacture has been prepared and proposed and will be an
important guideline to manufacture good-quality precast polymer concrete products.
B. Specification for construction has been prepared and proposed and could be

used as an important guideline in the fields.

V. Result of Research and Plan to Utilize the Result

1. Result of Research

A. Fifteen treatises have been written and published during this project (two in
domestic professional journals, five in overseas professional journals, five in domestic

conferences and three in overseas conferences).

B. Five patent applications were filed on the core technology acquired through this

study, two of which has been registered.

2. Plan to utilize the result

A. Entering into technology agreements with participating companies

Technology transfer agreements will be entered into with participating companies

that use the technology developed.

B. Registering as "good product" and "technology-certified product” (Public
Procurement Service)
Efforts will be made so that the products developed are given priority in the

design of construction projects ordered by government agencies.

C. Applying for designation as construction new technology (Ministry of Land,

Infrastructure and Transport)

Efforts will be made so that the products developed are given priority in the

construction projects managed by government agencies.
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T 50 o 60 T 703 TH 80 90 T A

771 970 3,036 4,006
sl 116 817 933

E 982 426 997 16,439 3,598 22,511
=5 2,690 2,690
A 2,287 7,440 3,171 12,898
A5 224 78 563 736 1,601
A 460 300 5,016 5,776
A& 35 1,154 3,624 4,069 6,283 15,165
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AE AZste mjgslH, 27 NAR dASE Q5] ZEY AWMEA JZEANE

FY (LA RS FRA7) MR FHA Belv] TFEAE AEHA 22

o

7N
A

PNA A& Pitch # &
T2
High Strength High Modulus GP HP
Aeds= 25~45 20~28 7.8~10 3~3.5
(tf/cm?) ' '
B A A 2
8A 5 2,000~2,400 3,500~4,500 380~400 400~ 800
(tf/cm?)
A&
1.3~1.8 0.4~0.8 2.1~25 04~1.5
(o)
o) o
1.7~1. 1.8~1. 1.6~1. 1.9~2.1
(glem?) 7~1.9 8~1.9 6~1.7 9
A - (4m) 5~8 9~18
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E 313 Y 249E 3 R2EEe =94 44

7 = (kgf/em? g9 |
ap | B9 Go(kelfom) o | FTE
k 3 } 3 t.%
(kgform’) U= 3 27 AN7 kgf/cm?) (WL%4)
7145 | 2,300~2,400 | 800~1,600 140~350 90~140 13~35 | 0.05~0.2
E 314 ZEH ARIEA I2ke-E, REEE 3 ZAES] 44

e H=A= A= ZIAJNBL = AT B GA T

- (kgf/cm?) (kgf/cm?) (kgf/cm?) (x10° kgf/em?) (x107%/C)

71 F%k 102~ 816 61~153 20~82 0.1~3 8~20
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BAAS
ZAYE FEREY BA e A3 FRP B2 o] ®ol o] &5 Utk Aol 9
g BAEHE B F2AE AY HIAIA don, BluF FAHo] ©eEdtr] wE
of Zg&o] §oldttt= AHS Zt Utk A B RS B F 9 HAd B
o] A&dH.

Jv 2dell= FRP 274 3ol @ol o] &1 Utk ¥ Hu}k FRPY 53 7]
A2 AT W8, =AE |
AT FRP= A&EHQA dwWaFe] {24 i (Glass Fiber), B4 f-(Carbom Fiber), ¢}e}tH| =
2 f(Aramid Fiber) 5ol o ZA] FAE FIAIA AF3t).

7t 7

BAASAl 2ol AR FHLE KStAd A3 AFS AREslok ok AA

A Agole EE Hgoly &3, FAYUES Ak HPddes AL EEV B
o] Ab&HT o] W FA R EEE KStrAel B AFolojof stH, 8 7HE Hd%e
7H ZEo]ojof gt}

1}. FRP

FRP AJ 282 2|9} HAd
ojelo Ao HF, FHAH= 4
S FRP E4 Fof Axel 9%= F 2
FRP A& Ao HEojof gtk FRP Al2Hlo] HeE FH3HY] fsiAe Als o
FRP9} ol FA] =2]9] 733} & 33
AegE ool . 53], A FA FA= FAY AIA BlEoly S, A= T
of Wz} FHo] tE F JoEE
3 7l=std o3 2
(1 = A

azztolw, MY, FA, H2AAE 23t WS HHY A FATF FRP Al

fol AFE F e AFe HuA Fol FHoln I 5

Ho

u
-
o
B0
=
=
=
fo
o
off
rlo
f
)
o
Jo
o
S
>IN
3
dm
o,

)
[
kd

do
1o
o
2o
QL
_\1
o]
=
v}
>
>4
o

o
-
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do] ALgHET 2 of
NzdelA 27 S48 e 2

b mAete] BT AR E
(h %71, @4, 97 ex seterEy 2o B4H G td A

(th

("h ¥ = #T AH o5t EA
TAE FASHE Zetolne ZAYE FAH AFESIY HEZAA e AL S F
713, HEE W 2 1S A9 FRP/F & HAHEE vy WS 7o
AHEEY. AZAl= FRPE 3 E ZA HHAAA Adg€S dAIsis 425 Al
o B35 Tubd QRS A o3 dHY F v &S EFE FRPE HEdE ¢
3tH, 73tE FRP Al2®le] TWo| =23t}
(2) B+
FRP A|2Hlo]| A&EHE= BAMFE FaAdf, @484, otgveEdfo 2
A7 AHgEth B8 Ao dukdq]l EALS oS & 459 2a, 2§ A
g.

off rlr ox
o & >

ot
o

Aol 7 & %
o H| o] ZAA 1/4~1/5 AEZA 7ot}
G Ae o AAARTE A9 108 HE(2.5~5.0 MPa)o|H, A FE oF
200~700 MPa©]T}.
o uW7Aol stH, EAETE i HA o] sttt
® IHEE0] 0.8~0.9 kcal/mh ©]aL W LA o] 3T}
o EdAoln Wststi o] -3ttt
g Ha o HFFHdo=E FHFE F2E0] 03 % ol3to|tt.
o o] gz, 2HEL 1.52~1.55 (560 pm, 32C)°lth
o 7| A7gAo] A @ dALHFEG 3tk
o =7} & frol Hla vk
® H|Fo] ZA 1/5 @Ei 7 #Folt},
o 57| F&E H 2}0401 7} st}
o 7t mAE AHgdx §olsttt
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k

46 B8 d

1o
r'O
N
=
A
2

A TR S A (MPa) CIAE (MPa) | SHHA] HEHE (%)

Urkg 220~240 <1.2 >1.2

IPE 220~240 3.9~49 >1.4

2SR ESAAR 110~240 49~6.3 >1.5
e 350~530 >3.2 >0.5

ZIAEA 530~ 700 >2.5 >0.2

PP E-glass 70~74 1.9~2.7 >4.5
S-glass 88~91 3.5~49 >5.4

olg}m = Yukg 70~ 80 3.5~42 2.5
A 1A% 110~130 3.5~42 1.6

4. A3} QoF

Nl ALHT e BE, B AR o THE 24 BMslel BT
we] 238 Bl 3 g 7tsHS AESS 2yd w), o 2L AnE 9e F
AA T

(3) dEAYANZE oANFA FAA, S AHNE A, FHUSA, otaEA, T4
TEAA, HIEUC|EA Fo] AHEHM, g AFA HFZH ALE 7he & Aow A
ot

(4 @ EFAEE S AMEA REE29) o EAA REEE2Y} F2 ARSHY,
TR AHgo] sttt 1y B HAAE 29, AAsE, A=
3k MMA-PMMAE A3AZ A3 m=2el25 /fdste] 2 83x38)



S) 7T Hed ARE 7 43 AFA AV AHEHM, R0 FE2E0] 380
o=

7bestu FRaE ol A goernw HaA gle A

(6) ZAYE FERFo BAdE Z# BAY FRP B} FHo] FE o|&5H, F2u
o] B7ol= FRP o] Aoz A8 7ted Ao=E Hudn
A2d ZYMN2E AEE A7 A
1. 9753

=g Z3E E(polymer concrete)= YW A|WE FH 8 E(cement concrete)ol B3|
AstAzte] o, WesZAdssiAd 2 WaAd & A8l e, oS5 - 2 9 3
FE7t =& Buk olYegl AEAzte] AWME ZF B Eof vld] €53 wEr] wjfo] X

gN-E AFE ARZA vl frelsteh

Zo FIYEL AFA= ol FAl(epoxy), ©FZH(acrylic), =XE3} Zg| ol H
(unsaturated polyester), MMA(methyl methacrylate) <% S©o] @Wo] AF&E 1 o, o
o AFA F 7 wol AREHI e Zlo] Bxs ZEldlaH FA ot

Bu3} Felol e FAE AT ER TANEE ME RN, Fe S

N

HAIAI e Z2A] ARGl wE 7RARARE 2d Fo Aol AYARE AF2ollA4 300 mPas®]
£ AEE 2 Qlo] AIRIE ZaE HlE| ddo] "o, Aol AA
dol TAHI A dol] FHofkell W48 FH ZHoA Bt

MMAE Z3AR = Fev ZIYEE $4A0la, A7 gdeln, 43 & &
2ol AA Wstyh A9 itk E=3 AP ERE DHEIA FAY HE -] &ols)
A, WA, WFEA, UnteAe] S8 Bt olye, & RAAEY 5% AT
<zt ok a8y MMA R Ae= HEIF 056 mPa - s® w9 WL, A
o] AW, F&o] A doluy dEo 72 ARGV} ol Ht

kA B AFolA s BX3 Z o 2F(unsaturated polyester) =29l MMA (methyl
methacrylate) Ex=™E 71kl Aol /MAHT Fert FdE ZENAE AF&EE

AFANAE FEN MAR ZAE AFE A v LI EE T IA g} o]
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, LT 2 JAA L 314

, ABEE =,

Ll
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=cl){:t
A
35
(E o
i
AC)
-
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to
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>
|
r
A
lo
=
o
@2

2. Qg 2
7h AHEA =
1 AFEA
(7h Ex3} Felo2E FX4

=23 EEolxaH FA=

A

ILEA A7 A7 Hol e &4Ed(ortho

type) oL EA I BAEL F 473 Ao

® 4.7 BX3} Zgo A A9 AZ

NS A= 7} g9 3
(25 ©) (25 C, mPa's ) = (%)
1.13 300 20.0 40
(H) MMA =iv]
wWe v Elol ) o] E(methyl methacrylate : MMA)= FAEHS AAZ ¢, FES
Y22 3] A" TBA(tert-butyl alcohol)E 71A| Aejoll Al A3tA|A WELZHAS A=
@ 7 WReR ozHz2s s Azdd ALH MMA Rivle] 4Ue E 483 2
=
¥ 48 MMA Exrel A3
b % Y= B o
(257C) (20 C, mPas ) (g/mol)
0.9420 0.56 100 Transparent

(th 7HAIA (MEKPO)
A2 = S IHE 8 %% mineral turpentine & (CoOc)©] FE o] 851,

27
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MAAZAE HEHAEAE ZEALS]=(MEKPO) 55 %% DMP &do] o] &% 1 9t} A

S8 AAAS dEe & 499 2

X 49 MAIAS A

T A H] F(257) g4 A
MEKP 0
DMPO455§A)/° 1.12 10.0

(ZH %A (DMA)

X3 BYN2E A MMA B5F FejolA ANAT ARAE A A0
o st Mot v ol Fele) 2aYEY ZAYE Az o] §

St mhebd S H1A7)7] 98l DMAE AHg Stk DMAS 43
.

m

& 410 DMA®| A4

v = Z#=3 ==3 A5 2 A
(25C) (C) (7) (g/mol) ¢ ©
0.9420 193 ~ 194 1.5 ~ 25 121.18 Oily liquid

@ =A 3 F2A

£ AT g8 BA 2AAY Teld 4

b =

rlo

F 411 2 F 4129 2},

X 411 =A9 E948 44

= = %% %EO}: [e) o] o] )= R =
A4 (mm) | 2E7] vlF| FH|F (kg/m’) ZH3E | S5 %) |[FETE
0.08~5 2.64 2.62 1,648 3.09 < 0.1 Nil
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% 412 T4 exbdgo AR

H = F2~0 5} 2~k ] H-ol A

(gr/ce) (cc/gr) (%) (4em)

0.75 0.20 <03 8.8 13 0.03
U AE

(1) 28AY =47 v IYES 8l
Zejy) Zage Wguls AR, FAY FF, A 6 2 4=, g2
Sol me) gHAEz A wgee AYe A et 249 AY4T FrE I
& 5 9E S A 2A FHA G AU St AFAL EH ¢ Ha

slete= Zlo] 71 o]/tZ ot
2 AdFoA REEAE S Tl 2AE AFgAY 24 ¢ ZYH ZIYEY wiFHl =
022 & 4.133% 24
® 413 AdAY =4 9 iy FAYEY e
AgA Y =4
AgA ZF Z XA Z A
(Wt.%) UP : MMA | MEKPO DMA (Wt.%) (Wt.%)
(Wt.%) (phr*) (phr*)
10 80 : 20 0.1 20 70
1 0.5
11 70 : 30 15 | 22 67
2 2
12 60 : 40 3 24 64

Notes, *phr : parts per hundred parts of resin

) AFA BT A
ZEv A EY AA FoAM ARNE 3 ES A b2 A F9 st A3t
Aztoltt. EElv ZAEE AME ZAEC Hls| £HHcBE iR o o]

A F 1AZE ool A3t Thsstth. wEbA, S AlE Azl oA AAAE e =
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dutroz oW FaYey ZaYEt AAAG FAAY AAFOR ATk

AR 2EY 5 Qom, Bt PPesel A3 ANAG FAA AFFE F7HA

AgtA o] AFAE F 4139 AAE AAe] AW wE} YW
31921, MEKPOS DMAS ¥& ZIHE Wdewrl A =8 ujrtxe] A7+S

AN 7o 2 FH T

AN
ol

@) EIH 2AYEY AT 2F

e pEoAE BEsl Feodar 549 FEI wobd A 4ol @
gy no gEgel gt
golzE2 d 2L g A

—__

A3 AstEER AMETFe ALY SO e BUH, AT
=z

r_}i
A\
o
7]
=
é‘
>,
A,
)
A
i
lo
S
l
2
o
3R
ui

in
A
i}
B
)
o
o
N
N
il
>,
e
2
rlr

5 x 10 cm®] 958 AIAE A3t o, 3

(%)}
A= ZHOE 4 x 4 x 16 em®] 2458 AFAE AgsA

A% ANFEH)T KS F 2480(Z 2ol 22 #HZ £33 ES AZAAE Aol ot

=
g AlY sldon, 845 AFLS KS F 2482(Z 8o ~H 2 gz ZaYES 4= A g
o}

7h AgA e 7 3AIzE
P &=, MMA &%, MEKPO Z DMASl H7lsF Wsld w2 AdAjel Azt

H3LE A|FsE A3+ 19 4.1, 42 2 433 2o
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o] A Aol AMEY =7 W7k, MMASHEe] SUhgkel meh 7k
b2 AojHTh. 1¥al MEKPO H7hgo] S7h8E AspAzbe gobxon, 944 £
ARl DMA H7bgol S7tgS AstAzte] A3 gotAs &S HAT 53 DMA
H7tEel 0.1 phrolyk 0.5 phr2 Bl 25 vl & A o Y= 99= 6 2

[e) >~
= & F AAT

Al ®E

o

. Egv ZIYEY TN
2 AFoAes FAHLE, MMA &%, MEKPO ¥ DMA H7F&& HIE 3to] i
v ZIEQ JAALE AP eH, 1 Ay 1Y 44, 45 D 463 2o o
ol B AT dolfe wel ARSTEsAIZEe]l Zojxow, ol& MEKPOS
DMAS] H7tael we} & Aol7t d& & 5 Ut

i

T3 MMA ko] 20 wt%ol A 40 wt% 2 Z71E4E T Z238 E9 ALY}
SA7ke] ARAE] ZdojFon, U3 MMA Y S MEKPOS DMA IH7bgo] Z7}

SFE AT AE FotAle dEFe Rt

o 254 7MY FERE A8 AFA Y g
e ZAYES THAAIE AIE £4 AFE vtE o= stof A E 2 TRAA
RS AR AgA Y] AA A= & 4149 2
E 4142 F¥ JFHAAIZE 30, 60, 90 S &HE7] 93 MMA 3%, MEKPO %
DMA #H7}F 5 AFAY FA¥E &olatA 248 & + don, oy A5E &8s}

@R ToIY FFAEF A=A BeHd AEYT s @ Aot
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140 4 —m— 2
130 4 e— 1T
1204 —a—  0°C
110 4 ——_ 10"
= 100 —o—20°C|
2
b
£
=
b=
=]
v
w
DMA (phr)
(a) MEKPO 1 phr
150
140 4 —=— 20°C]
130 4 & 00
120 —— (]
1103 0
= 100 o 0]
£ 9]
- 80
E 70
&0
= 50
o an 3
a0
204
1 =
0 ‘ ; .
0 1 2 3
DMA (phr)
(b) MEKPO 1.5 phr
150
140 —a— 20°C
130 4 o— 10°C
120 = —A— 0°C
b —v—-10°C]
— 100 o— 00
E o
> 80
E 70
2 504
£ =04
9
204
0] By, —
Lo e _ < %
0 - - -
il 1 2 3

DMA (phr)

(¢) MEKPO 2 phr

A o] ZA3}A|Zol] mX= MEKPO, DMA 2 Al Lo &k

(80 wt.% UP / 20 wt.% MMA)

0>
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1404 —a— 20"
130 4 s 10°C)
1204 —&— ('C
110 ——-10°

Setting time {min)

o
=
w

DA {phr)

(a) MEKPO 1 phr

150
140 —a— 20°C
1304 a— 10°C
120 a0
10 —y—-10C]
100
a0
804
703
504
5]
a2
e
204
10

Setting time {min}

CMA (phr)

(b) MEKPO 1.5 phr

150
140 —m— 20°C]
1304 —e— 10°C]
1204 —&— (PG
110 —v—-10°(H
1004 —— 20"
50
&
70
50
50
40
30
20

104 ¥ —%

Setting time {min)

DMA (phr)

(c) MEKPO 2 phr

A o] ZA3}A|Zol] mX= MEKPO, DMA 2 Al Lo &k

(70 wt.% UP / 30 wt.% MMA)

0>
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150

140 =

1304

1204

1104
—. 100+
90
604
70
B0+
50
404
30
204
104

Setting time (min

—a— 20°C

180

DA, {phr)

(2) MEKPO 1 phr

140
130
120 4
1104
100
504
80
70

504
40
304
20
10

Setting time (min}

e

—=— 20°C]
—a— 10
A 0Q

150

DA (phr)

(b) MEKPO 1.5 phr

140
130
120 =
110
—. o0 4

@ w0
oo
Lal

70

Setting time (min

50
40
30
20
104

—a— 20°C|
o— 10°C|

B0 =

Aol A3IA 7t 1 x]E= MEKPO, DMA % A &% 9

CMA (phr)

(¢) MEKPO 2 phr

(60 wt.% UP / 40 wt.% MMA)

— '7[1 —

K

E

0>



150

1404 —-— 20°C
130 —8— 10°C
120 —&— 0°C
104 —y—-10°C
— 1004 ——-20°C
(et
E 904
2 a0
g o
£
S 504
S ]
304
204
104
D T L T
i 1 2 3
DMA {phr)
() MEKPO 1 phr
150
1404 —=— 20°C
130 —— 10°C
120 —a— 0°C
1104 ——-10°C
= 100 —o—-20°C]
E
a
o
c
=
o
=
ﬂ T T T
0 1 2 3
DMA (phr)
(b) MEKPO 1.5 phr
150
1404 —a— 20°C
1304 —a— 10°C
120+ —a— 0°C
1104 —r—-10°C|
= 10 ——-20°C
E
2 o9
==
5 =]
= 404
30
m- 2.
104 —L e %
a ¥ T T T v T
i 1 2 3

OMA (phr)

(c) MEKPO 2 phr

% 44 ZEv 23T E9] 7FAAIZE] H X = MEKPO, DMA 2 A= 9] ¢
(80 wt.% UP / 20 wt.% MMA)
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160
1404 —m— 20°C
1304 e— 10°C
1204 —A— (0°C|
1104 —y—-10°C|
100
90
604
704
(i
504
40
a0
204
104

Worang life (min)

DMA (phr)

(a) MEKPO 1 phr

150
1in.] —=— 20°C
130 4
1204
110«
1004
504
80 -
704
60~
G0
an- -
30+
20 -
104

Working life (min)

DMA (phr)

(b) MEKPO 1.5 phr

160
140 —— 20°C
1304 — 100
1204 —— 'C
1104 ——-10°C]
1004 ——20°C
50
60
704
60 -
04
404

Working life {(min)

0 . . .

[ =
-

DA (phr)

(¢) MEKPO 2 phr

a9 45 Z8 3 EQ] 7FAMA ] v A& MEKPO, DMA ¥ A= ¢
(70 wt.% UP / 30 wt.% MMA)
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150
140
130
120
110
100
90
a4 4
70
60
50
a0
a0
04
10

Wyarking life (min)

DA {phr)

() MEKPO 1 phr

150
140 —a— 20°C
1304 — 10°C
120 —a— 0°C
110
100
50
0
7U- "..
60
50
4]
a0
204
10

Working life {min)

DA {phir)

(b) MEKPO 1.5 phr

150
140+
1304
1204
110+
1004
90
&0 -
04 e
60—+
50 -
404
30 -
20
104

)

Wyiorking life

DMA {phr)

(¢) MEKPO 2 phr

% 46 28 3 ES] 7FAMAZE] v A& MEKPO, DMA ¥ A= ¢
(60 wt.% UP / 40 wt.% MMA)
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3 414 22 SAYES 2ddA e HA wie

P ZEARAIZE (min) | MMA (wt.%) MEKPO (phr) DMA (phr)
20 1 1
30 30 1 1
40 1 2
20 1 0.1
20 C 60 30 1 0.1
40 1 05
20 1 0.1
90 30 1 0.1
40 1 0.1
20 1
30 30 1
40 1
20 1 0.1
10 C 60 30 1 05
40 1 05
20 1 0.1
90 30 1 0.1
40 1 0.1
20 1
30 30 1
40 15
20 1 0.1
0T 60 30 1 05
40 1 05
20 1 0.1
90 30 1 0.1
40 1 05
20 15 05
30 30 1.5
40 2
20 1 05
-10 C 60 30 1 1
40 1 1
20 1 0.1
90 30 1 05
40 1 05
20 15 1
30 30 1.5 2
40 X X
20 1 2
20 C 60 30 1 3
40 2 1
20 1 0.1
90 30 1 0.5
40 1 2
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& Eg FIYEY Fey EA
(1) FA2=d & Z=dd &4

G52 MMA 2] M3l (MEKPO 1 phr, DMA 1phr 2 A)o w2 b=, 27<Q
2 JA= AdAd= 47 9 4.7, 4.8 © 499 2o}

ol

714 AE 168 hrsd YEAEE 7]F02 & o] MMA 20 wt.%¥ 2% 20 ColA
81.48 MPa, -20 TolAl 65.19 MPaZ, 20.0 % #43tF 3, MMA 30 wt%¥d 2% 20 Col
Al 78.43 MPa, 20 CollAl 54.55 MPaZ 30.5 % 7A3tHo™, MMA 40 wt.%d 7% 20
TollAl 76.39 MPa, -20 CollAl 4227 MPaZ 44.7 % 7r43ste] 20 Coll thdk -20 ColA 2

B A28 31.7 % 239t
=

TS A 168 hrso] ZARJNAAEE 7|20 2 & o] MMA 20 wt.% Y 7% 20 Tel
A 8.78 MPa, 20 TollA] 522 MPaZ 40.5 % Z4a3st9al, MMA 30 wt.%Y 7% 20 Tl
] 8.15 MPa, -20 CollAl 4.70 MPaZ 423 % 743sIHo™, MMA 40 wt%Y A% 20 C
oA 8.02 MPa, -20 CollA 4.46 MPaZ 44.4 %7HA3ste] 20 Coll g 20 CTolAe H
BEZDZ2EL 424 %ol Z3ATh

A AlE 168 hrse] FAEE 71FS0Z & uf MMA 20 wt%¥d A% 20 TollA]
18.53 MPa, -20 CollA4 15.13 MPaZ 183 %, MMA 30 wt.%¥ 7% 20 TolA 17.19 MPa,
20 TollAl 12,50 MPaZ 27.2 %, MMA 40 wt%¥ 74-$ 20 CTolAl 17.19 MPa, -20 T ol A]
12.50 MPaZ 27.3 % #&ste] 20 Coll tidh 20 ColA e Hi FEdaE&L 243 %o
233t

o
V)
_?L
Y,
A
fru
_{
o
I
ich
A
}
Y
ich
iy
lo
N
o\
o
b
rlr
e
o
rlo
b
=2
i
X
of
@
112
oo
o
e

Aol e d=AE, 2AJEAE 2 A= A 23S YERd Zlo] I1d 4.0,

411 2 4.120]t}.
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o] Ao A FZHF e diste] AHEE JALT 20 CTE 7IF2Z & H9 168
hrs =0 tha 24 hrs Z=9 HE&E& MMA 20 wt. %ol 87.5 %, MMA 30 wt. %ol A
83.1 %, MMA 40 %A 79.9 %= B+ 835 %At Y A= 20 CTE 71F2
2 & A 168 hrs X W 24 hrs ZEEE HES MMA 20 wt %olA 54.7 %,
MMA 30 wt. %24 56.9 %, MMA 40 wt. %Al 66.0 %=X H 59.2 %°|H, o= FA
2% 20 CY Wl &) 235FFES Az A3 sk BlEo|th

ER 2AJNAAE et AuEH FPLE 20 TE 7|22 & 4-F 168 hrs
A= gk 24 hrs ZEEEH H]ES MMA 20 wt. %A 724 %, MMA 30 wt. %4
70.3 %, MMA 40 wt. %°ll4 69.8 %EA H 70.8 %At ol Hl&| YALE 20 TE
71ZE0Z & 7% 168 hrs =0l 3k 24 hrs Z =2 H &S MMA 20 wt. %14 68.2 %,
MMA 30 wt. %N A 67.4 %, MMA 40 wt. %4 68.6 %= BT 68.1 %ATH

g A= tiste] AWEHE YAXE 20 CTE 7IE22 & 49 168 hrs F =0
st 24 hrs ZE=Ed HE&S MMA 20 wt. %141 92.7 %, MMA 30 wt. %4 90.9 %,
MMA 40 wt. %A 86.3 %=EA] B 89.9 %ATh ol HI} VL% 20 TE 7|FL=E
& 739 168 hrs A=l thet 24 hrs =2 HIES MMA 20 wt. %Al 753 %, MMA 30
wt. %N A 82.4 %, MMA 40 wt. %ol A 77.4 %Z4 HT 78.4 %IATh

oj¢} 22 ANE T3 E w APl nE AEE FA2E A FdF HES ¢
T At F, HHE 20TCTE 7IEez & o o= 2%, 4= e 24 hrs/168
hrs?] H+ Z=43d &2 814 %UoY 20 CE 7[+o2 & wfo] I Fhe 68.5 %=A
A 2po]E BY. =3, G e 4 0 3, 6, 12 hrs®] Z7|AHAA F=r}
I

ol
i
ol
=
rgl
i)
rlr
in}
R
:c|>1:
=
a
i
S
(e}
s
o
Y
rlo
=2
>
rlr
B
N,
2
o
=2
>
o
o
b
rlr
e
2
ol
ol
N

a8} 168 hrse] ZEo] W3 72hrs ZELE HSEL 20 CTY 20 CY AS 3714

BT 90 %o A W3S Ho 2hrs AHANA AEI AL o HEE S U S
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80

704

60 =

a0

a0

30

Compressive sirength (MPa)

< 120 hrs]
|—A— 168 hrs

6 hrs
12 hrs]
24 hrs
48 hrs|
72 hrsf

T
20

T ¥ T T
10 (] -10
Curing Temperature ('C)

T
=20

(a) 80 UP / 20 MMA

20+

Compressive strength (MPa)

10

——
L
——
—h—
—0—
—0—

—O— 120 hrs|
—&— 168 hrs|

3 hrs|
6 hrs
12 hrs|
24 hrs
48 hrs|
72 hrs

90

T
20

T T T
10 1} -10 -20

Curing Temperature ('C)

(b) 70 UP / 30 MMA

Compressive strength (MPa)

—&— 120 hrg|
—A— 168 hrg

T T T
10 o -10 -20

Curing Temperature ("C)

(c) 60 UP / 40 MMA

Y 47 R0 WE d5AE W
(MEKPO 1 phr, DMA 1 phr)
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Splitting tensile strength (MPa)

o T T T T K
20 10 0 -0 -20
Curing Temperature ('C)

(@) 80 UP / 20 MMA

10
—— 2hrg
a4 @ B hrs
—&— 12hrg
G- —d— 24 hirg
—0— 48 hrg}
74 —0— 72 hrgf
—&— 120 hrf
& —A— 168 hrgf

Splitting tensile strength (MPa)

0 T T * T T v T
20 10 0 -10 -20
Curing Temperature ("C)
(b) 70 UP / 30 MMA
10

4 —&— 3 hry
g —8— Bhrg
i —&— 12 hrg
[—&— 24 hr]
74 O —O— 43 hrg
4 I—C— 72 hr
£ [—0— 120 hr

[—&— 168 href

Spiitting tensile strength (MPa)
T

o T T T T T
20 il 0 -0 20
Curing Temperature ('C)

() 60 UP / 40 MMA

O9 48 FALEC e 2N E W
(MEKPO 1 phr, DMA 1 phr)
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Flexural strength (MPa)

T T T T T
20 10 a -10 -20

Curing Temperature ('C)

(a) 80 UP / 20 MMA

3 hrs|

L 6 hrs|
—&— 12 hrs|
—a— 24 hrs]
—O— 48 hrs|
—o— T2 hrs|
—O— 120 hrs
—&— 168 hrs|

Flexural strength (MPa)

T T T T
20 10 0 =10 -20

Curing Temperature ('C)

(b) 70 UP / 30 MMA

20

—

—8— 3 hrs
J—= 6 hrs|
—&— 12 hrg|
—i— 24 hrg|
—— 48 hrs
—o— 72 hrs
1—e—120 hrs
—A— 168 hrg
a T T T T T T T T
20 10 0 =10 -20

Flexural strength (MPa)
=)
1

Curing Temperature ("C)

(c) 60 UP / 40 MMA

OY 49 dA2EC mE 45 W
(MEKPO 1 phr, DMA 1 phr)
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100

50
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=
=
2
e
W
@
=
] —=— 20°C
2 304 o
e o 10°C
8 —a— 0°C
103 —v—-10°C
—4—-20°C|
0 L T L L} 1 L] T 1 L] T 1 T T | g ! T
0 10 20 30 40 50 60 70 BO 90 100110120 190140150 160 170
Curing time (min)
(a) 80 UP / 20 MMA
100
a0
80

Compressive strength (MPa)

704

60~

504

40+

30 -

—=— 20°C
—e— 10°C
—&— 0°C
—w—-10°C]|
—4—-20°C]|

| BRI L e e e e e e e e e
0 10 20 30 40 50 &0 70 80 S0 100110120

Curing time (min)

(b) 70 UP / 30 MMA

T ! DL ST A
130 140150 160 170

Compressive strength (MPa)
g
1

—m— 20°C|
—a— 10°C]
—a— 0°C|
—v—-10°C
—4—-20°C|

T T rrrroTrrTrTTYTYTrTTT

T 17T ) O, 250 L .
0 10 20 30 40 50 60 70 B0 20 100110120130140150 160 170

Curing time (min)

(©) 60 UP / 40 MMA

(MEKPO 1 phr, DMA 1
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Splitting tensile strength (MPa)
T

4

4 —a— 20°C
—e— 10°C

29 A— 0°C|

i —w—-10°C|
—4—-20°C|

o L] 1 T T 1 1 T 1 T T T T ) T L) Ll T

0 10 20 30 40 50 60 70 80 S0 100110120 130 140 150 160 170
Curing time (min)
(a) 80 UP / 20 MMA
10
G -

4

Splitting tensile strength (MPa)
L

4 -
4 —=— 20°C
e 10°C
21 —a— 0°C
14 —v—-10°C|
—4—-20°C|
0 Ll T T Ll T T L] T T L] T T T T T T L]
0 10 20 30 40 50 60 70 BO 80 100110120 130 140 150 160 170
Curing time (min)
(b) 70 UP / 30 MMA
10
9
R

Splitting tensile strength (MPa)
T

4 o

o] —=— 20°C
—s— 10°C

24 —a— 0°C

1 —w—-10°C]
—4—-20°C]

LR N M o L S i o LI N B S S B
D 10 20 30 40 50 B0 70 80 90 100110120 130 140 150 160 170
Curing time (min)

(c) 60 UP / 40 MMA

I8 411 ARl wE 2AIRFE Wi
(MEKPO 1 phr, DMA 1 phr)
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£ —=— 20°C

g —e— 10°C
—a— 0
—v—-10°C
-4 -20°C

LI | R, T | L5 P e § vy P vy | 08 G
0 10 20 30 40 60 60 70 80 90 100110120 130140150 160170
Curing time (min)

(a) 80 UP / 20 MMA

Flexural strength (MPa)
E

A -
g —=— 20°C
—e— 10°C
4 —a— 0°C
- —w—-10°C|
—4—-20°C|
0 LU L SR SR U ST SLwR LN (LA R 0N BN SIL/N SEE (E IR SELI ULON S
0 10 20 30 40 40 60 70 80 90 100110120 130140150 160 170
Curing time (min)
(b) 70 UP / 30 MMA
20
= ,:.. — J
A 4
©
o p——————
= ——
=
B
c
2
w
g —=— 20°C|
@ —e— 10°C
e —a— 0°C
—w—-10°C|
4—-20°C]
0

T T T T T T T T T T T T T T T T T
110 20 30 40 50 60 70 BO 90 100 110120 130 140 140 160 170
Curing time (min)

() 60 UP / 40 MMA

O™ 412 AR mE FFE W
(MEKPO 1 phr, DMA 1 phr)
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G2 st FALES] WE JAAR D 3
24 Qojzl AsE QokEkd g 2.

(1) 2 ZaYE AxA A4 AFAZFS MMA &3] 20 wt.% 4 F$ 12 wt.%,

30 wt.% Y A% 11 wt.%, 40 wt.%Y A+ 10 wt.% |t}

() Y™ ZAYE JHAAE AFAS AIANNET HHFHO0E 8§~ 14 £ 4o
ok 28 AFE T3l & AE7FEAIZE30, 60, 90 )= A7 A AFAY F

R
-4
Ll
of
)
3
(@]
-3
X
o
o
K3
>
b
<
el
A
o
o
v}
=<
>
ol
N
ol
N
o
2
o
il
©
S
{
2

(5) 168 hrsoll tisle] A& 24 hrs A9 &=, 2AJA 2 FAES &Ed H&LS 20
TollA Bt 81.4%F O 20 CTY wl= Ht 68.5%= AT 2olE BT} 1 A
168 hrsol] TSk A|&H 72 hrse] A=W d H| S BE ZRolA 90 %ol o 2A Yo 2

TUAGE 72hsollAE ZE7F Ao o dHES & 5 AT
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. Al @y
(1) A1@A A=k
KS F2419(Z& ol 2~H #x SIZES F=

NEE SAA ARl EE W
Holl oJste] AAstRTh AFAE 2002 C, F5

, BE 50~60 %OlA 1, 3, 7 Y7 A AR
AH8-E wigelE ® 415 2ok

k<3

F ANY sken,

=
L

@50x100 mn Z712] AlPAE A Z3Fe] KS F 2481(Z ol ~H #HA
Fryoll A E Wl o8t Al@siAT

¥ 415 UP-MMA Zgv Z3gEQ g

AgHA 24
2w UP : MMA (SRA MEKPO DMA S A
(wt. %) ' . ( ) (wt.%) (wt.%)
(wt.%) (phr*) (phr*)
0.1
11 70 : 30 (8) 22 67
1 0.5
11.5 80 : 20 (8) 1.5 1 23 65.5
2 2
12 90 : 10 (8) 3 24 64

EO A= AlddH)el =

e

WRjell olst] Aldstith

}od, KS F 2438(ZAYE AF FAAQ AeAA

ol mel B gl 153744

T

dz
a2
o
fru
N
L
%
ne
2
N,

_89_
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ZaYE] AGAGATE T

52_51
e —0.00005
= &4 A5 [MPa(=N/mm’)]
S; = A2 EF o] 0.00005 ol thdF &3 [MPa(=N/mm’)]

S; = 3% 152 40% o tE 3% [MPa(=N/mm’)]

=88 5= A A=Y

ZawEe] moleuE TaE AL Teld 2t

en =S € WY 7tEHY
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1) B8ATF AEE 2Ed 2) Xol&H] AEE 2EFQI
Alo] A F-2H30 mm) Alol A F-2H10 mm)

ofgn] 274
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o A% 5 nF
UP-MMA Zd9 Z3gE FATAY A= & 416 2 19 41378 23, $9-

HEE AEZ2ds 19 4143 Zow, BAS 3l ZoleH AEddes £ 4179 2

=
3 416 UP-MMA Z&v ZAYES] Z=
(& : MPa)
A= UP : MMA 19 2= 39 A= 79 A=
(wt.%)
70:30 70.57 75.57 78.30
d=7= 80:20 71.50 79.45 81.48
90:10 73.41 81.28 83.08
70:30 1491 16.17 17.94
A= 80:20 15.52 16.50 18.19
90:10 15.92 16.60 19.28
70:30 5.47 7.12 791
27417
80:20 6.40 7.73 8.06
=
90:10 8.02 8.13 8.19
[ 2=.L 1
!r- mi " b
;o : o (£ =—2p :
il ) gl et £ .
£ T " E .
- g 2 4l
e 1 = | 2
£ =l | il
: | g1u:~ 3
S xf LI s
Y i 7 5
B ol = T !
7l | 0 el
- T0W| 8 1 =700 | £ L ——T0'H
£ oz | C o | £ .
' 9010 2 A | a B:1D
[} !II] .1'[- ' &IJH W 1.:1-1 15’:1 uﬂ ¥ 8 B OB W 10 MD WO ?u m oi slr :sln 1Em 1 1iu 1;.u
Curing time (frour) Curing time (hour) Curing time fhour)
) 4EA= 2) A= 3) A=

1Y 4.13 UP-MMA Z3v ZI38ES AHEE e 4y

_92_



o] Aol AFAue] Aol dFAEE AH 24h
Fol HdFR oM, o= AH 168hrso] ¢F 80 MPa =9 Zx Fho] HaAHgonz 7
el °F 90% ©]S oF 24hrsoll FHTS 1 T F AT = FAE GA A
E

=
2 24 hrsoll Al 2k 15MPag] ZE e 3 gon, o= A
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oi
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e
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oy
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o
v
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>
o
x
o
3
9
i
+
Jpu
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a3 BAdAFE 2.1 10 ~2.3x 10" MPaZ MMA o] HojZ 5 AR, Fol&h

= 024~0252 MMA o 34 I vz ge&s & & Aok

100

90 -
80 -

0t i

-
>
T

60 |-
501
2 af /

0t
0t

Compressive stress (MPa)
3
Compressive stress (MPa)
\\\
Compressive stress (MPa)

10 / w0/ 10

/ i 0 L | I |
0 I I I I I ! 0 1 | i 1 I |
0.000 0.001 0002 0003 0004 0005 0006 0.007 0,000 0.001 0002 0003 0004 0005 0006 0.007 R00D o000 j0NURT 0003 0004, N3 p00E 000

Strain Strain Strain

1) 90:10 2) 80:20 3) 70:30
9 414 UP-MMA E29 32 E9 $E-Ay¥E I

¥ 4.17 UP-MMA Zgv 38 E9] g4A5 L Zoj]

UP : MMA (wt.%)

70:30 80:20 90:10

2.1x 10 2.2x10% 2.3x 10*

S o}<=H] 0.25 0.24 0.24




3. @A AE

7 AE e
Zev) 2IYEE HE - PG oG] YoM FaF 24 Fo s} A
3z =

o
E
o
RS
k)
|t
c
"o
<
<
>

BRAATFIT. A7 = MMA &

8 APt

1) A& A= 2) FHE AEA

3) 2E# <l Alo|xo| T@gdA] F2

|

AR 43 AR AT 573

6) HlolE =AZ ol&d WMas =4
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. A

o

i
UP-MMA Z8 9 Z3gE9 I3AA 4= 1995 TC 113-CPT (PC-12 Method of test

for coefficient of thermal expansion of polymer concrete and mortar)e] 4% W 3}

of s,

AEL 74168 hrs)S 7]Fo 2 o AdAL =Z7]= 100x100x400 mmZE 3FS

o} x27] 33X AlEAIY 255 20+1 CoA FAAZHLSH, 20~80 T &% W oA
T =

2AZ A0 = 20 TH FolHA FH(1 C/min)stA oW, S5 50~60 %2 FAIAIZATH
w3t ZF vl w2 FAAE 59 248t 2R AFERon, AdA ~E
g AlelA (60,30 mm)yE 22 F A B EBZATE SHSIT

TC 133-CPTOA] A|}st= =%

—=1)/,

L=83HE

AE Ae] Aol

—
Il

== 3ol wE Ao

T =

TC 133-CPTANA AQtst= EHAA 4 4t
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o A3 9 u3F
250 E UP-MMA Zgv ZIYES EHAHFE WHsl= 19 4159 2o, &
BAEN ABZA ST 2230 = 42 F 418 E F 4199 2o

7030

Themal expansion {107
E @ om B R R
2 B8 E E B B
T ¥ T ¥ T ¥ T T T T

d
=4

20 40 60 a0

Temperature {"C)

1) 70 : 30

BO:Z0

§ 85

Thermal expansion (x10%)

a4 B 8B

0 40 B0 a0
Temperature (]

2) 80 : 20

:

20:10

g

RRE

Thermal expansion {x10)
i
]

g

o

0 40 &0 80

Temperature {'C)
3) 90 : 10

I8 415 €59 WE UP-MMA Zgv ZIgES I3 A5
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# 418 UP-MMA Zgv ZAYES IAFE
(&9] :x107)
Specimen 1
25 70:30 80:20 90:10
(C) 30 mm 60 mm 30 mm 60 mm 30 mm 60 mm
20 1 1 2 3 30 30
40 296 279 415 420 476 487
60 603 642 799 830 995 1,063
80 1,030 1,019 1,286 1,292 1,470 1,550
Specimen 2
oz 70:30 80:20 90:10
(C) 30 mm 60 mm 30 mm 60 mm 30 mm 60 mn
20 1 2 1 1 41 36
40 332 309 440 422 478 511
60 644 612 877 830 1,049 1,053
80 1,070 1,010 1,309 1,268 1,514 1,538
# 419 UP-MMA Zgv ZIYES] dAAAF
(&9 - x10° /)
Specimen 1
25 70:30 80:20 90:10
(C) 30 mm 60 mm 30 mm 60 mm 30 mm 60 mm
40 14.8 13.9 20.7 20.9 22.3 22.3
60 15.1 16.0 20.0 20.7 24.1 25.8
80 17.2 17.0 21.4 21.5 24.0 25.3
Specimen 2
L= 70:30 80:20 90:10
(7) 30 mm 60 mm 30 mm 60 mm 30 mm 60 mm
40 16.6 15.4 22.0 21.1 21.9 23.8
60 16.1 15.3 21.9 20.7 25.2 25.4
80 17.8 16.8 21.8 211 24.6 25.1

_97_




I 415904 AHEA HYPLEE 80 TE S wl MMA (10, 20, 30 %)l wh

2 g5 7+7F 1,040x10°, 1,290x10°, 1,520x10° & MMA &Fo] 742 4=E 9%
o] AAE Aoz YEIGOH, MMA 3o 10% 4 Al oF 250x10° Z718HS & &
AN

AT AS 250 mEl A A Welste FFE EHIor, MMA F
%k(lo, 20, 30 %) Shako] W2 IR AAFE Zh2E 15~18x10°, 21~22x10°, 22~26x10° &2

EE??}, 2EH R AlolA] Ze](30, 60 mm)o| WE Hlo]HE dHlw A3 B Ay, F
RO AolA g BF WE® %S Uehhol, 22 AolA Polo) @ gl Holzt
Aol gtks A= FAT 5 Yot

() 4=A=e] A AFdA vl&od AA GOl 168 hrse] ZEol] thd 24 hrse] A=
S HEon 79 ZA == 783 ~83.8 MPa & YENTH

Q) BAEY A AFAY vlEod #AAGo] 168hrse] H=ol] W3 24 hrse] AT+
°F 80 % Ao WHS HPon, & 17.94~ 1928 MPa & UEFSTH

}) dZA=L] A AFAY vlEod AA GOl 168 hrse] ZEol] thd 24 hrse] A=
= 9F 70~80% A= HHL HYow 79 FEE 791 ~8.19MPa & YEMSTH

2 A= ol i zolE HYPow, UPY o] Holds=
(5) 7¢ AFAMY SAAFE 2.1~22x10" MPa, ZO}EHE 024 ~0255 YERIS
o},

(6) MMA &3] A5 d3FELS 76t oH, MMA 3 10% H4a Ao €

BAEL oF 250x10° F7ksteE AL I8k

(7) @AAATE MMA T 10, 20, 30 % & 2%, ZH2F 15~ 18x10°, 21 ~22x10°, 22
~26x10°& YEFATH
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A4d Heg AR N

=
r2

T 53
Aol AstEAY &8 AME IR E FRES By - BPolE ZEv 5FA
57F @] 220la Stk o] JheH EEH = il
E} 2(cement mortar)oll WIS} AZpAITEe] 1, WEAEHAE 2L WA T Tl
s, A=t w7] Wil BB ZA w9 frel st

Y E=2g=28 AFAZs oANFA (epoxy), EES}  ZE] ol 2H (unsaturated

ZE}LZ (polymer mortar)w EHE AW

polyester), MMA (methyl methacrylate) 5©] o] A&l QlT}

o] 7}2Hl MMA & ZRAE st Z8H REBEEE £340|a, A7dsdolH,
Azt 3 B4 A WsE gtk 23 AMERE 1HE7A FAY HE xHo] &
olgtal, WS4, WekEA, Wrtrde] 48 Ent oYzt £& FRAGE 3 A
34 SHCE sta o wEH MMA & E2W By 43 O, 72
BT, A FAEHEA] B Foll FR A ol &= ATk

=r e A$E HE7F 0.56mPa - s2 vl W, ASAzke] AW, F
ol HA dojut d=mo 2 ALEE7E ofHo et A= B AsE 55 537
o8 T A X3} o|FAZC] 27l ol EAStE EYHIE R IR EgvElolad
| ©] E (Trimethylopropane  Trimethacrylate : TMPTMA),  E|Egto|E3  tolad4k4
(Tetraethylene diacrylate : TTEGDA), =&]Al& wWEoFZE #H ©]E (Grycerol Methacrylate :
GM), B3x3} Z g o 2~H ZE (Unsaturated Polyester: UP) 5 7IuAZ H7lsta, B9
SUAZL, BAEZFA, FEAY 5L BFHo0E MMA ZxHo] £35E PMMA (polymethyl
methacrylate) 52 E7F4

2 dAF9AE PMMAE MMA EXxwo| wHl &8|A1x1 23R MAA (methacrylic
acid)% ANMANA S3YE TF2E HFE8E FAdAE &48 F2n u7, oY 59

l

_99_



2. Az 2 UH

7h AHEAlR
1) 2FA

(7h o3 ¥ X

B AFoA Z2vd dElelZE H o] E (polymethyl methacrylate : PMMA)E W& W EL
o} 22 g o] E (methyl methacrylate : MMA)ol| &3 A1#A AIA=Z AF&3IA T

VEA BHLe EAF o 02 42E Z2AT MMAE ZAEERYelH A A 2ol A
e S8t 1B Ale 727 d&5dE #24E el Al LY (syndiotactic)
T2 Hlgo] FVksle EAS UEhdTh ARSE MMA EHe EA4S & 4209 2

o

# 420 MMA Exwol =4

Hl & 4= AL §

; ; 3
257C) (20 C, mPa-s ) (g/mol)
0.942 0.56 100 Transparent

vl e WElol =€ # o] E (polymethyl methacrylate : PMMA)+= o2 € 4-X| 2kl F21,
FAY HAe 2d, AL @ B SRS st ARSET B AFodAE A
A WAl o] &3 PMMA e MMAO &3I4 ALESHATh UleFEd el 943

k- ddze] 2 O ARl AAEHA ¥ SAS HAL Ao

Rl

(th 7HAAL (BPO)

kel =Y (benzoyl peroxide : BPO) <& 2}T Z(radical : & fr3tA &+ AAES 713
A EA) & S, 18] AE A% SuZdFHEe] MAARZ 20tk I EAS]
Y5 EFFA (monomer) & Z2E3IH MEZEL SUZS FJAstY A= 1EAE WHEA
ok BPOS| A& 3 421 o}

T

i

- 100 -



¥ 421 BPOY A#A

= = 4 (0) + A % (g/mol) g &

104~105 242.23 white powder

(th =" Al (DMA)

73 ZXA717] 9% FulAl7E Basd, B AFedME 4 2 A4
ZEHkeS do7)7] 93] DMA (N,N-Dimethylaniline) 2 AH-&3t9th DMAE 9714 4
T dE, &4, 3ok ookFE, ofdde Ax Tl AHEEHH, Eide 54 gou fU]&
Ade & 5

ot
T,
oo
o
Bl
N,
>

J|m
oX,

< Zt3 o} T3, A4kl =Y (benzoly peroxide) I HEH A

S = glomg Algo) Fojsfok 3t DMAY A AL ® 4229 Zt)
¥ 422 DMAY AA
| F #Ex =3 A 8§ A
(25 C) () (C) (g/mol) °c
0.942 193 ~ 194 1.5 ~ 25 121.18 Oily liquid

(Zh vl RZA] (MAA)

MAAE ARhm2d 34 mwwe] dZoth F4 phr: dWdoR g >
Aste] F8AE FHNAND ASA Zl 2ge] Rz AT Frh wbA F4 =
wrle olags AgAel 4 £3 L FEFAL FHo2 AT 5 ok
B AFolA AR SAEEHA MAAS] A2 #4233 2
3 423 MAA®| 44

b % A= 2AY e

(207C) (20 C, mPa-s ) (g/mol)

1.01 1.3 86.1 Transparent
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2A7 28 F4 oW BAE AN AYA 27 STARY Aole] Futo] AgA| s}
ZAzte] AAYL ok v mEE2e] 4EE ASATEE F480] 0.1% ol

B
32 HEs AzAY "art Aok B Al Ag

H A9 =948 AdL E 4249
sk
¥ 424 A9 E84 A2

o1 A A A S &

ne ZBE7] vF| RH|=E - ° | =88 AR
(mm) |° s I (kg/m’) B (%) e
0.08~3 2.64 2.62 1,648 3.09 <0.1 Nil
v mEegze] AP AYoz sy R FHAE At BAtole

Hl = B 2~gk 5L~ O y= s Ro) By~
(gr/ce) (cc/gr) (%) (1m)
0.75 0.20 =03 8.8 13 0.03

(¥ %)
CaO Al Os Fe,0s SiO, MgO AR Fd g s
53.7 0.25 0.09 2.23 0.66 42.4
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L Hise A4 2 A
) =g 24
2 ATolM= PMMAS] HlE B AgA 9 ol mE duH Ade F& AR =
duleh m=et=o) wigHlE AA s
Eon ZEE29] A4S KSF 2476 (T | AIHE REet2 o] AR o 14
H 225 Aol o) Ak v REEES il ASE2, £A9 FF,
el 8 U=, APz Sol wek e EE Hz ugnle AL Al o8t

a4 AYYH FES AL F e WY WA BAY FAA ¥ A

3427 ARAY 2AH Y REEE9 uidH]

AFA 24 (wt.%)
GNeT | ARA sAA = A
(C) (Wt.%) MAA | BPO | DMA | (wt.%) (Wt.%)
MMA | PMMA | ohb*) | (phb*) | (phb*)
0
20
5
0 12 80 20 2 2 18 70
10
=20
15

Notes, *phb : parts per hundred parts of binder

@) A3EH

Oh ZRAS) ABATL 24
#ev) megtze) 44 Fo4 AWE meged @/ gE g Fe) shist 43

Azbolth. EYm mEE2E ANE R Ha) £44o|mE JuHow ool

=

Ao A3t FAEEE SASA LT, BPOSt DMAS ¥ A54H &

denrl AA Taa wrx e A7Fe AsA e )
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REEt2s JRAASE SuiAl el d7HEE 22 BPO 2 phb, DMA
2 phbE 3t MAA 7S 2oste] Azt o, FALE( 20, 0, -20 T)2F A H(,

12, 24, 48, 72, 168417l W& 4=, A, FHE=E SAsA
o= B AN AT =AHoE T 5 x 10 cmQ 9FF AFA 2 ALsgon,

%)

A= SAHNE 4 x 4 x l6em®] A4FY AJAE AHEsIAH

J83 FEAE D BZAJAAE AlFLS KS F 2481 (ZE o =HZ HF ZZE=
701-

S AERH) 3 KS F 2480 (Z2d2HZE 3 R2e29] AAAE A FHH)

R
i)
>
)
9'15
s
O
o
ol
brt
>
i)

2 KS F 2482 (Zg=HZE #H% EEE 29 I =
AAH) o el AgetATh ZE Agedl= 20 ton £ ¥HEAIE 7] (Instron 8502)F
AF-&-8F S T

3. 2% 9 3 F
h PMMAS] A3 3+F Z2A
PMMAS] A7 dFS AA3] A% 7|2AIFSEA PMMA &3, MAA H7HE&
ggste] 20 T -20 TY o AT 24A17H1Y), 74X 7H3BY), 168AZHTL)NA Y =7
=AY A= a9 416 H 4173 2
18 4162 LT 20 TolA MAA FA71EE PMMA &3 w2 442 U
Ebd Zolth PMMA 5wt.%¥ ™ MAA FH71A A= 168 A7 k=74 5=E 51.1 MPao] 12,
PMMA 10, 15, 20 wt.%¥ ®i&= ZH7} 64.2, 89.1, 90.6 MPa°©|T}. =, MA

>
i)
N
oft
2
i)
)
504

o] PMMA &% 15wt.%7tA = ZE7F IA S7FEF o 20 wt.%ollA = Z5= 57171 o)
AT 183 MAA A7l @t 10 pho7hA = RV AA s SRR ou T o]
Folde A=7 2 F7HE HolA & FoZ YEiyth
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120

120
1o} 1o} ) e
g ; $ g . :
§ 80 | A/i § 80 |- v/
=1 I L
: §/l 2
2 wof & 2 wop ¥
o = Curing age o Curing age
a —m—24hrs S —=—24hrs
£ —A—T72hrs £ —A— rs
8 or —®—168 hrs| 8 or 707:28hhrs
° é 1Io 115 2|o ° ; 1|0 1|5 2lo
PMMA content (wt.%) PMMA content (wt.%)
1) MAA 0 phb 2) MAA 5 phb
120 120
P r
- e = /l
100 - - 4———% 100 L ,/ij/lg
E %i/’, g ¢%i
2 ol 2wl
£ _ £
4 H B £
2 sl 2 et
7] ¥ « "
2 N 2 .
@ 40t Curing age @ 40 Curing age
2 w4 hrs 14 —m—24hrs
g —A— ?3 :rs g —A—T2hrs
S »t U e § »f —e— 168 hrs|
o &ls 1lo 1Is 2|o 0 ; 1|0 1I5 zlo
PMMA content (wt.%) PMMA content (wt.%)
3) MAA 10 phb 4) MAA 15 phb
2 416 PP 20 CollA &7 m)2)= PMMAS] F3
I8 4172 L= -20TY Wl MAA H7FEE PMMA &0 g 454 =AE
AshE VERR Zlolth @4 £E7} wollel whe 4w ghol Al wolA v, PMMAS

T MAA F7heFe] BoldsE FEBE7

20 wt.% Y

-
T

kol PMMA 20 wt.% =S A

b =7 stlth 28y

168417 =7 =7F Z+ZF 84.7 MPad} 89.7 MPa® 2 7% ol &
A H) AFLHEHOE B3 o] HES B AT AL

o2 AAEHT}
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120 120

100 - 100

==

80 |- 80 |-

g

60 |-

Compressive strength (MPa)
Compressive strength (MPa)

') [
: Curing age =
—/l/ —=—24 hrs :/ —=—24hrs
20t ;///g —A—72hrs 20, ¥ —A—721rs
' —®—168 hrs| —®— 168 hrs
0 ! I 1 I 0 L 1 1 1
5 10 15 20 5 10 15 20
PMMA content (wt.%) PMMA content (wt.%)
1) MAA 0 phb 2) MAA 5 phb
120 120
100 | 100
g ® s
o
2 ol ,/175 € ol /575
= ) ‘/ £ i— &
) i— i 5
[~ [ =4
L e} 2 el F
7] ] 7] 3 e
2 gt
% 0F § Curing age § awoE = Curing age
s & —®—24hrs s —m—241rs
£ - —A—T2hrs £ [) —A—72hrs
8 &f —®— 168 hrs| 8 ®r —e— 168 hrs|
0 L 1 1 ! 0 L 1 1 1
5 10 15 20 5 10 15 20
PMMA content (wt.%) PMMA content (wt.%)
3) MAA 10 phb 4) MAA 15 phb

9 417 Y= 20 ColA d=H=0l v|x= PMMAS] Gk

. AR AdAF 24

2 AT E MMA Exrd thdk rAIES B3l 289 PMMA 20 wt.%E &3
AA AZFAZFO, 10, 11, 12wt.%)F FAAS] H&(1:1, 1:1.5, 1:2.0, 1:22.5°] HE E=EF
Age 53 A4 A2FAFE =39

% 4182 A= wE Edv REBEY Z2F AF A23E Yk Aot
ANg A3 44 29 #2120 ~ 130 mmo] Atk AFA e} SHA vl&o] 1:1¢1 4%
T ARAZFE 9~ 12 wt%2 EH F25 3ol 175 ~ 148 mm=E AAAT, A Ho=
AgA ol w3 FAA BFoz A3 Az B o] velgt AdA et FHA w
£0] 1:2.03 1:25% A= FAAY ol ot FAE A9 FFdfiviels A4S 2
P

wehA o] 37FA] A= EF7E AREOl o o] vk W, AR et FHA HlE ]

(15004 AFATF 9 wt%d Wl Z29 o] 14mmP o, 2

ot
2
off
filo
S
o
g
X
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220 -
Binder:Filler
—
200 |- —8—1:15
—A—1:20
— 180 |- i
= —¥—1:25
é L
o 160 |
= L
S 140 | e
2 T
o [ e S
i 120 | ———
100 | ‘:‘j—_;—:’ﬁ%
80 1 1 1 1
9 10 1 12

Binder (wt.%)
79 418 AEA ] Fedol B Eov meEEl2e] 24 W
(PMMA 20 wt.%)

2 Z7IAE AS ZE2F G2 135 126, 12ImmEZ 2+ 6.3, 13.5, 16 %® a3
AAFE 11, 12 wt%7F AH&3H7] 28 228 S HIAT, AFA A A AdAF
11 wt.%+= Rt AA F53A o] EAs .

o] A7}t RE PMMA 20 wt.%% MMA-PMMA Zdv ZZEel=2& AgdAet FHAA)
Hlgo] 1:1.5 o, ZFAFL 12wt%7F AHTS & = AU

o AgA e A3zt
AgA o] ABA 7] W X= MAA A7FE G exo] 93 (BPO, DMA 2 phb 7]5)
< AFS Ade O9 4199 2o} o] AFolA HHE 20 TolAE MAA F37F Ald=
2] AFAL (60E) S Ed& F IS & F Atk FH FHL=7F dE el e A
A ko] Ao E AEFS B on, PMMA o] Z71stel wel A3AIte dojH
20, 10, 0 CollAl PMMA 15, 20 wt.%= Hl5d ASIAZFE B ow, -10, -20 CollA+=
MAAE #7Fstelok &9l AAEE SR F AUtk F, IF 4199 5)00l4 HH

oF 2= 9)%o] 20 TollA MAA F-H7HAl AsAgko] 126518 B8 MAA 5, 10, 15 phb
Z

rr

242t 46, 34, 19w 0.2 FA FobAe APdE BATh
olZ 3 HES 13 E u PMMAS} MAAE E5F Z3A o] J&&FS nxw E3,
] BzAA MAAE F3te] REAE AeAtes dFA7eH aRdFHdS & F

AN,
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240

210 | Curing tem
—=—20°C
10°C
180
—A-0°C
=, = % a--10°c
E é 150 - e -20°C
= < a
[} ) N
£ £ 120A i
2 2 wl NN e
= = v
Q Q
0 (7]
60 F®—_
30 | a
0 1 1 1 1 0 1 1 1 1
0 5 10 15 0 5 10 15
MAA content (phb) MAA content (phb)
240 240
210 Curing tem 210 Curing tem
—=—20C ~m—20°C
180 | o 180 1 i
_A—0°C A-0C
—_ —o—-10°C = -0--10°C
c - . c =
£ 10 PO £ o -20%C
o o
£ E 1.
= =
o o
£ £
£ £
© @
(%] (%]
0 1 1 1 1

MAA content (phb)

3) MMA 90 : PMMA 10

Setting time (min)

19 4.19 A9

240

MAA content (phb)

4) MMA 85 : PMMA

210 |-

180 |

150 |

120 -

90

60 |-

MAA content (phb)

5) MMA 80 : PMMA

743} A| 7kl v X]&= MAA
(BPO, DMA 2 phb)
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2 A7l = ASETE v A A SuA vEs Eolal, S HEAR] MAA
A7MZ M dES 98 FABLE, PMMA 3 71H€, BPO, DMA 2 MAA #71&%
HEg st 2w REek2o] 7M. FAE e 1 Ads 1E 4203 2k
AAH o2 A3t zbol] Hla] ZRARAIZES doji oW, PMMA, MAA 39| F7to] whe}

AARAIZEE: FoAT,
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Working life (min)

Working life (min)

I8 420 v EZEI2 9 JHAAIZE] HlRE MAA bR
(BPO,

240

210

180

150

120

90

60

30

240

180

150

120

90

60

30

Curing tem
—m—20°C
—0—10°C
—A—0°C
-0—-10°C
®—-20C

MAA content (phb)

1) MMA 100 : PMMA 0

Curing tem
—n—20"C
—o0—10°C
—A—0°C
—0—-10"C
®—-20°C

MAA content (phb)

3) MMA 90 : PMMA 10

240

210 |-

180

@
S
T

90 -m_

Working life (min)

30

60 | Ty, 98

Curing tem,
—m—20°C
0—10°C

MAA content (phb)

2) MMA 95 : PMMA 5

210 |
180
150
120

%0 N

Working life (min)

60 -

30 |

4) MMA 85 : PMMA

240

210 -

Working life (min)
/

Curing tem.|
—m—20°C

MAA content (phb)

5) MMA 80 : PMMA 20

DMA 2 phb)

MAA content (phb)

15

Py L=l

{
O

LTI} AN T | & P3FS m X +=d PMMA o A#gleo] BPO, DMA 2

phb 7]Fo 2 20 ColAl 9F 13 ~ 100 E<1d] v 20 TAA= <F 26 ~ 210 & ©]
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on, ol FYF LExW IATJE MAA F7IFo] FARFE dojXE A

o

B3

53 MAA 371 o) F3H25(-10, 20 T)oll A= 7HARAIZEO] vl AR A <F
AL Qo) JFARAIZEe] 128 ~ 212808 AR FHgo] ofH - AR YEldTh

P 20 ColA= PMMA & 10 wt.%©]3+Y wl= MAA 15 phbE 3 7}sledof
Tk 605 ool FHAMAIZES 48 = A3, PMMA 15 wt.%Y W= MAA 10 phbolA,
PMMA & 20 wt.% ¥ W= MAA 5 phbold H7FsloF 608 AHEo 7MAAIZMS 48
AA T

dRidow EFEv REEZE A A& A AHETFEAIREE 60 ~ 70 AEE S}
= Zo] Aetm, 20 TAlA o] x| M-S SH37] 98 41= PMMA 20 wt.% ¥

W MAA H7FFE 10phbE SH= Aol HPFE L+ ek,

ol AE 9d 54

Zon vz ZEs Avels 2Ae AAe TR TL, A 59
Mgk, e 3 g R GAEA Solg & 4 Atk =@ AAA, EuAe) &

of wel Aol S-S UBhAY, 259 JIFE At & ATl s dHIAIF A

) A=

PMMA 20 wt.%E MMA EXxm o] &3|AAH AIAZE AES Z29 EEEHZ2Y &
A2t MAA H7 ol mE d=545 AE Ads 13 4213 2o,

o] 1% oA HH SHeET} 0, 20 CTE Yoty wet A=A =rt dAsA A
3hete AEgS HAow, MAA 7 0 ~ 15phdbY 74-$ 20 Toll w3} 20 TolA e H
T AELAE2EL 20% 23t A= 20 CollA AFE 168 A AEFHE+= 68 ~

oX,

3 MPa2A AWIE mEE2o] 49 5 TN 289 GFAET 27 MPadl A 1

O
\S)

r

s REELZ] A9 5 ColA k&4 =7F 163 MPa<l Aol Hls) &4 &2 %S 24
.

- 111 -



<
>
>
S
)
=5
o
©
oM,
o
2
ot
N
>
()
=2
2
=
>N
9
3
<
-0
o
2
off
o)
&
>
)
=2
2
N
S}
(V8]
>N
<
-0
oo
o
i)
A
ol

3 Zu) BEAC MAAZS 10phd H7lelH g4 =7t A8 Zr)st=d Hl ),
15phbS A7}t %7] A 24A7A T ¢kzre] oA zto]7) S B 1 o]F A
oAM= & AolE Holx| gUth F, 20 TAA =77 6 AIZFY w] MAA 10 phb
A= 71.85 MPa, 15 phb ol A+= 76.77 MPa & 20| 5 R FA|TE A& 168 A7t A= 242
91.81, 9236 MPa = H|:3 A& 3t UG ol#d A3d=E Y A3 AL BT
MAA7Z} 27] ZA=ddo] & IS vXH MAA H7FEF 10 phb 714 = Z=ddo I

e FU 1 o ZE W 2 Gl e ¥ F AUk

120 120

10 F e

100 |- g;:t// P

wle__ v _ ¥

MAA content
—=—MAAO phb

¥v—MAASG phb
—e— MAA10 phb
—A— MAA15 phb
402 = 40

60 |-® MAA content

—m—MAAO phb
—v— MAAS5 phb
50 - @— MAA10 phb
—A— MAA15 phb)

Compressive strength (MPa)
- 4 [ |
Compressive strength (MPa)

TN TN TN Y SN O TN Y O TN SN Y SN N 1 D""""""""'/
0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170

Curing age (hrs) Curing age (hrs)

1) 20 C 2)0C

120

‘ MAA content
10 | —m— MAAQ%
—v—MAA5%
ol ‘4 MAA10%

A—MAA15%

ik
90 | h= : %

Compressive strength (MPa)
>

-
P T T T T ST SO SO S N T S SR S
0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170

Curing age (hrs)
3) 20 C
9 421 A= nA = A" MAA A7 9
(BPO, DMA 2 phb)
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(2) ZANBZA =

MMA -PMMA Z g1 RZE 20 g RAJNARES A
39 ¢ Aot O¥ 4228 N5 FFS YeERA ASE 20 TolA A 168417 =&
AJNAZEE 894 ~ 1233 MPacglth. o] A= UPS MMAE ZAFAEZ 89 B2

N
o

EF=7}F 20 T (168A1ZF Aol Al 4.5 ~ 5.22 MPa, MMA<®} TTEGDA (tetracthylene glycol
diacrylate) & AFANZ 3 | ZE2E27} -18 TollA 7.9 ~9.3MPa®E Kl H Zof H
3 W9 = AYS & F Uk g FALETE Ropel whey AN =T At
A 7 ZAZEo] AH 168 AlZE 7]FOE MAA 0 phbY H$ 20 CTolA 11.31 MPa,
20 Coll A 8.94 MPa=ZA| 21 % A% WA, MAA 15 phbd Z-F-ol& 20 TolA 14.16
MPa, -20 ColAl 1233 MPaZ 13 % ¢ ZRAJAZAZE HAaZEo] FAEJ+= v ole
MAA X7Fe] &¥ety #aE

O% 4232 AFe e 2AJMAAEE UYebd A0 E MAAE H7He A7 &
7VetAl %S A9 Boh E=A e on, MAAS FH7FEFo] 15phbol Y A9 7] A
6AZ =7 20, 0, 220 TollA Z+2ZF 10.5, 9.83, 9.41 MPa® 7H4 E34th A #
= 0 CTollA MAA 10, 15 phbe] ZAJNZA S Frol 22 12,53, 12.62 MPa & M]3 ¢k
S BT W, 20 CollAl= MAA 7t @& 27|75 d3do] AASA Yeht AH
6A17tY @ MAA 0 phbollA] 5.92 MPagld]l HIE] MMA 10, 15phbollAl= Z+7 8.65, 9.41
MPaZ E& % WdS Ryt
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Splitting tensile strength (MPa)

Splitting tensile strength (MPa)

Curing age —m—6hrs
o, onis —v—12hrs
—v—12hrs 24hrs
7:7 gg:rs T ey —A—72hrs
rs - e —e— 168hrs
—8— 168hrs - e

Splitting tensile strength (MPa)

Curing temperature (°C)

1) MAA 0 phb

Splitting tensile strength (MPa)

Curing temperature (°C)

\K

Curing age

L |

0 20
Curing temperature (°C)

2) MAA 5 phb

Curing age | E:T%:ge
—m—6hrs e
—v—12hrs s
—o—2
—&—24hrs 2405
il —A—T2hrs
—A—T2hrs —8— 168hrs!
L —e—168hrs| L —— B
1 1 T 1 1 T
0 -20 0 -20

Curing temperature (°C)

3) MAA 10 phb 4) MAA 15 phb

a9 422 2N vA = FA2=ed AR FF

(BPO, DMA 2 phb)
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—A 14

" e — 4%
13 -~ 18
© - © .
g, A= - ) ——— - §
2 Iy —Y— B = e
£ / e A—
XU/ I — 5 11 A &
c a/_- . 5 X J o e .
10t — Sl ¥ —
@ /5 ? [ -
o ¥ .- ® )
5 T/ 5 ° i
= & /
L 8L & . IO Y
o 'L MAA content 2 g MAA content
£ 7 —m— MAAO phb £ 7L« —m— MAAQ phb
= = —— 5
5 —v—MAAS phb 5 v—MAA5 phb
» 6 ®— MAA10 phb » 6| —e— MAA10 phb

—A— MAA15 phb| —A— MAA15 phb‘
5, P3 5 L
0 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 |’, OT 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 0 10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160 170
Curing age (hrs) Curing age (hrs)
1) 20 C 2) 0T

15

MAA content
—m— MAAD phb
—v— MAAS phb
—e— MAA10 phb
—A— MAA15 phb

Splitting tensile strength (MPa)

0 10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160 170
Curing age (hrs)

3) 20 C
9 423 2AAAF = P AE AYI MAA HrhFe] G

(BPO, DMA 2 phb)

3} A=

MMA - PMMA 2| ZZE29 s FHAEE A A= I8 424 2 4259}
Fagey

O3 4245 FA2E 2 FAEE UEH HAo=Z 20 CTolA A& 168 Al #

FEE 1755 ~ 21.83 MPas HJ{T. o] A= UPSY MMAE ZAIAZS Zgv n=

il
N
-
Y
(el
o]
~
~
e
o
w

FAYol Al 12.50 ~ 15.13 MPaolttar Haud Zo Hl&) vj-¢- %& 3k

o

Bt FdEc FA 2571 Wobdel met AstEAT, MAA A7V S7hgl wet
Z, A%E 168 AlZke]lil MAA 0 phb¥ ¢ 20 CollA 21.15 MPa, -20 ColA] 17.55

MPa® 17 % 743 HFH) MAA 15 phb¥ A -5ol= 20 TolAl 2531 MPa, -20 TollA

21.33 MPaZ 13.8 % & Z%E ZFAEo] Zojt= Ao F JEYTH
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il Curing age L Curing age
24 | —m—Ghrs 24 —m—6hrs
—y— —v—12hrs
- =r e lf:[i . 33 [ e : 24hrs
© 22 - —A—T72h © 22 _ B —A—T2hrs
= — "o t56hrs L., 4+— L —e—168hrs
£ = ol ’ —
2 19 g» w6l —
[ o —
518 ERLES
E 17 § 17 k-
2 16 = 16
. @
o 15 o 15F
14 T ul
13 13 P>
0’ L 1 L 0/ N | ) I
20 0 -20 20 0 20
Curing temperature (°C) Curing temperature (°C)
1) MAA 0 phb 2) MAA 5 phb
BE G Py S N
up ul 3 TS
2 sl
© 2 T 2l A
% 21 % % [ .
£ 2 ol —
£  — o
g 1o 2l T
B er £ e f
g r Curing age ©TE Curing age
X 16 | —m—6hrs = 16 *ffshrs
9 —v—12hrs ) —v—12hrs
oLsr & 24hrs o 15k ——24hrs
14 —A—T72hrs 14 | A—T72hrs
10k o—tsahrs| | ik —e—teghrs |
ol L L L D’F 1 1 L :r
20 0 -20 20 0 -20
Curing temperature (°C) Curing temperature (°C)
3) MAA 10 phb 4) MAA 15 phb
a9 424 RS MAE AL} AP G
(BPO, DMA 2 phb)
A S = = 3 = o = =
a9 4255 AFe] WE BAEES R AOE MAAS HUHE A7 drbeiA
[e) = -
%S A9 B =4 Uehgton, MAASl H7FEo] 15phbol Y w 27 A 6AF #

=7} 20, 0, 20 CollA Z+ZF 209, 19.6, 18.7 MPaZ 7} =4tk AH 168 ALY w)
20 TolA MAA 10, 15phb®] = Fhol Z4ZF 212, 21.8 MPa® M8 §s B
| A destEd,
MAA 0 phboll A 14.43 MPa%ld] H]3] MMA 10, 15 phboll A=

& MAA H7bel wE z7] A= Tdo

AR EE THSATH
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)]
Z¥7+ 17.9, 18.7 MPa®

=
20 Coll A AE 623t

=
B
=
3T



e 5
— 24 |
A— //7f§
—_ Y —_
© — © I
< - < =
= - : 2 @
£ £ — =
k) )
c =
[ [
g g
g MAA content g MAA content
X —m— MAAD phb x —=—MAAO phb
uij —w—MAAS5 phb L% 15 —¥—MAAS phb
—e— MAA10 phb) —e—MAA10 phb
—A— MAA15 phb| 14 —A— MAA15 phb
13 = 13 Z
OAF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DT 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
Curing age (hrs) Curing age (hrs)
1) 20 C 2) 0°C
25 -
24
23
T 2+ i
Y 4 ————
L P . — -
< y e _—
< 20| S
B r
c 19 Pa= v
o ) B
3 18 e~ — 4 &
®TEF Y - —
3 =
E‘) 16 e MAA content
15 & —m—MAAO phb
i v— MAAS5 phb
“r —e—MAA10 phb|
13 —A—MAA15 phb| L
1 1L 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1

0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160 170
Curing age (hrs)

3) 20 C

T

Y 425 FAE v = &

A MAA H7bEFe] o
(BPO, DMA 2 phb)

4. A3} Q°oF

a=:

T

=
%<}

AFE Zu] HXA I MAA
=

i)

0% THE AN o]

2
4

3 potetd ohgw 7.

() FH2=7F dzdol wel Aspazie] ZAoHAT MAAE Z3Ate S5A7=
o '3 olflem, -10, 20 TolA= MAA H7HE°] 10 phb ©]¢< a7gel Azt

(60%)S 3R & 5 YAt
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(2) FIFLE(-10, 20 T)ollA 60 ~ 7022  AHE7HeARbE FEEEY] A= PMMA
ShEF 10 wt.% ©]3tY Wl MAA 7S 15 phb, PMMA $H3F 20 wt.% Y Wi+ MAA 3

7}eES 5phb o4O E d= Ao] HFalit.

r[r

(3) MMA-PMMA Z ¥ R ZEZo] MAA 5phbold H7FAl AE 168A17H(T7Y) 4=7
TE 20 CollAl 101 ~ 112 MPa, 0 CollA 94 ~ 103 MPa, 20 CollA 80 ~ 92 MPa°] 1 .1,
MAAZ} H7Fgol we} A oAM= 271357 =4 S HAen, MAA 10phb ©]d<d

W= 20 CAAE 80 MPa ©]/3e] =2 A= s 45 4 AT

4) FAL2E7} groldol ugt F=7 AsE AT MAA H7Fe] B2 s -20 TlA
168417 FAIA] ZARINANEE 103 ~ 123 MPa, 4 EE 18.7 ~ 21.8 MPaE & 7=

Foll o =71 =ado] A8 =4 Yetst

AN

il
o
2
o
=
J[m
ol
<
>
>
bl
N

As5d Ty g5 AFols T

1. 9753

2 d7elAe FRu HRdYS 27H SEeA BRa dn stve FRal 1A
F7F deel AstEol 93] AAst wAstE Aok AeAst AETE Ho AAKR
W=el gteld AZlE st Hshs Aok o] 7kt MAFE AAsL wAl k=
Aol e Aok npx7tAE W (shoe) T 415 o] 5 H-(expansion joint)7t Aok g

A B ATollA = o

N

£
k)
&

it

T 7HAE JNEEte] @R AlgAEel A&=2A .

MAF A5} 43 ZE ZIAYEE AHEste] A&t 271+ 60mm x 40
mm x 1Smm(Z°] x & x F7A)ZE 39t 181 3AZAAHE JAZE AE 16 mme] o

g AEe A skl

- 118 -



°©
pal

ot 1

bol 23 A

Fod of

9

S

A

2] 2} W A E(Poly rubber
2

=

] nEeEg Ae

x 572
P A A

&

pzs

2

=

T
=

EERIE

-
At

o =7] 200 x 3 mm(

3}al, STS(Stainless Steel)E

S

c AFo)E
3. 4 &H
7h 23

sheet) & A X

—_
o

o
KO
ﬂ
o)

—

,XU
gl

e

4 AT

™

To
oA
N
i

cAFol &

o

el
ol

4, 94 A3

o
it
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@) BA7F Folstm YTl Sud wy nPPRL AL suct

3) e ZHH-AES STSE Zolstl 42 & & = AFolaws

.
(4) B Aol A AaE B A%
o AFATO F8F Ao BoY

600

400
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A% A5 (mm)

A P
T4 W
(axb) L | 11 | 12 | a |al | a | b | bl | b2 r

700 x 600 | 3300 | 50 | 3200 | 700 | 725 | 25 | 600 | 625 | 25 | 50

SUS & E
(SUS:T=3mm, B=120mm)

Polyrubber-sheet
(T=12mm, B=200mn)
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A7 44 Aol SR A (1)

- 122 -



M5 & x4 2 dSAsiAIE
A1A F=AA

1. 97 53

TENE AY, ANEEH T et A3 dole} NAFRL "o A7t TheFst
o} WA B Ao A E A 7ro] 5.0, 10.0, 15.0m¥ o), ©Ho] Z+ZF 500 x 500 mm, 700 x
700 mm, 900 x 900 mm, 1,200 x 1,200 mm, 1,500 x 1,500 mm<! A= 15Fo] 3t F+Z3)4]
S 53 AA FAE A AASAH. o] Are AFZAFAE HEFHOZE ALEI=

0 =55 € 5 AS Aotk

2. Ev] 2aIE AE
UE=ZE( L) : 75MPa - BHAASE( ) 1 2.2x10° MPa
AJAZZ=(f;) : 15MPa - HFH(G) ¢ 23.0kN/m’
A =(v) : 2.3 MPa

Zgw ZIYE FEW MARY AL a9 513 Zo] 50, 100 2 15.0mo] 2,
k3l

==

L= 5.0, 10.0 ¥ 15.0m

a4 51 89 SaYE A

z
AN
1)
b
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-1

24 -

AZFL (m) | & B(mm) | Z°] H (mm)
500 500
. B . 700 700
T [b . b_ﬂ : 5.0 900 900
fE /,? - ij‘\.\ 1,200 1,200
‘ 1,500 1,500
500 500
= 700 700
) 10.0 900 900
- 1,200 1,200
i B 1,500 1,500
L = 500 500
Le] B Le] 700 700
O™ 52 AR dHEE (A-ATH) 15.0 900 900
1,200 1,200
1,500 1,500
L. 3FFAHA
(1) W 3%
Wg +
ALV PP P TP L PP LT
0% 53 3% 8% ASE




O MAF-2 @9 Aol AsHE ()

A7k (L,m) | 23 (BxH) | % A% (Wmm) = A% (Wmm) Al (N/mm)

500x500 1.17 2.45 3.62

700x700 1.61 4.80 6.41

5.0 900x900 2.48 7.94 10.42
1,200%1,200 4.12 14.11 18.23
1,500x1,500 6.54 22.05 28.59

500%500 1.46 2.45 3.91

700x700 2.32 4.80 7.12

10.0 900x900 2.94 7.94 10.88
1,200%1,200 4.43 14.11 18.54
1,500x1,500 6.90 22.05 28.95

500x500 2.05 2.45 4.45

700x700 2.76 4.80 7.56

15.0 900x900 3.46 7.94 11.40
1,200%1,200 4.52 14.11 18.63
1,500x1,500 6.98 22.05 29.03
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ofo
off
S
rir
oo
hus)
-
otk
ol
i
ol

(2) =9l 2z

O @9 PolF ()

P 1/2-G - H?

A7 L _ . 3] 2=ok
— 5 ] o T d
(m) T EH T Nmm)
| R | 500x500 1.23
- — — 700x700 2.40
F j 5 900x900 3.97
B 1,200%1,200 7.06
;] 1,500%1,500 11.03
- - 500x500 1.23
B g 700x700 2.40
: 10 900x900 3.97
: ] 1,200%1,200 7.06
b 1,500%1,500 11.03
= = 500x500 123
Lo e T 700x700 2.40
15 900x900 3.97
a3 54 =8 I 51F A=
S A AT AR 1,200x1,200 7.06
1,500%1,500 11.03
o @R2ARRE 4HY
(1) T GH2AEWE
[o]
@K?ZA Eﬁ@
P ¢

F&5Uo| (0)
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O L=5m, &4 : 500 x 500

T i ) @ ©) @ ® ® SUM
A (m) 1,600 50 300 13,500 1,125 19,950 | 53,100
X (mm) 515 492 490 260 150 17.5 183
ALX (mo) | 824,000 | 24,583 | 147,000 | 3,51x10° | 168,750 | 349,125 | 9.70x10°
Q(mm) 531,788 | 15,452 | 92,210 | 1,04x10° | 36,712 | 3,29x10° | 6.74x10°
[ (mm) 1.81x10° | 4.78x10° | 4.78x107 | 3.09x10° | 1.42x10" | 5.46x10° | 1.61x10°
FTHFZ0] (mm) 183
O L=5m, &% : 700 x 700
T i @D @ ©) @ ® ® SUM
A (m) 1,600 50 300 19,500 1,625 26,950 | 73,100
X (mm) 715 692 690 360 217 18 246
A-X (mm) | 1.14x10° | 34,583 | 207,000 | 7.02x10° | 352,083 | 471,625 | 1.80x10’
Q(mn?) 750,305 | 22,280 | 133,182 | 2.22x10° | 47,764 | 6.16x10° | 1.25%10’
I (mm) 3.52x10° | 9.93x10° | 5.91x10" | 9.40x10° | 3.95x107 | 1.41x10° | 4.21x10°
ZH8520] (mm) 246
O L=5m, &3 : 900 x 900
T i @D @ ©) @ ® ® SUM
A (mm) 1,600 50 300 25,500 | 6,375 44,550 | 112,200
X; (mm) 715 902 900 470 283 23 287
A-X (mm) | 1.48x10° | 45,083 | 270,000 | 1.20x107 | 1.81x10° | 1.00x10° | 3.22x10’
Q(mm) 1.02x10° | 30,745 | 183,970 | 4.67x10° | 21,877 | 1.18x107 | 2.36x10’
[ (mm) 6.52x10° | 1.89x107 | 1.13x10° | 2.39x10° | 2.56x10° | 3.12x10° | 4.21x10°
SHEFZ] (mm) 287
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O L=5m, =4 : 1,200 x 1,200

T i ) @ ©) @ ® ® SUM
A (m) 1,600 50 300 34,500 | 17,250 | 79,200 | 186,600
X; (mm) 1,240 1,217 1,215 635 383 30 344
ALX (mm)) | 1.98x10° | 60,833 | 364,500 | 2.19x10" | 6.61x10° | 2.38x10° | 6.42x10’
Q(mn?) 1.43x10° | 43,621 | 261,229 | 1.00x10" | 674,408 | 2.49x10 | 4.98x10’
[ (mm) 1.28x10° | 3.81x107 | 2.27x10* | 6.72x10° | 1.29x10° | 7.84x10° | 2.70x10"

FTHEFZo] (mm) 344

O L=5m, &4 : 1,500 x 1,500
T 2 @D @ ©) @ ® ® SUM
A (m) 1,600 50 300 43,500 | 36,250 | 132,800 | 296,200
X (mm) 1,560 1,537 1,535 805 483 40 393
AX (mm) | 2.50x10° | 76,833 | 460,500 | 3.50x107 | 1.75x10" | 5.31x10° | 1.16x10°
Q(mm) 1.87x10° | 57,175 | 342,551 | 1.79x107 | 3.27x10° | 4.69x10 | 9.38x10’
I (mm) 2.18x10° | 6.54x107 | 3.91x10° | 1.50x10" | 4.53x10° | 1.66x10" | 6.10x10"

Z9Z20] (mm) 393

O L=10m, &% : 500 x 500
T 2 @D @ ©) @ ® ® SUM
A (mm) 3,600 200 800 16,800 - 23,200 | 66,000
X; (mm) 510 473 470 250 - 20 204
A-X (mm) | 1.84x10° | 94,667 | 376,000 | 4.20x10° - 464,000 | 1.35x10’
Q(mm) 1.10x10° | 53,826 | 212,638 | 769,406 - 4.27x10° | 8.55x10°
[ (mm) 3.37x10° | 1.45%x107 | 5.65x10" | 2.82x10" - 7.90x10% | 2.17x10°

SHEFZ] (mm) 204
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: 700 x 700

T i ) @ ©) @ ® ® SUM
A (m) 3,600 200 800 24,800 | 3,100 | 40,000 | 105,000
X (mm) 720 683 680 360 207 25 254
ALX (mm) | 2.59%10° | 136,667 | 544,000 | 8.92x10° | 640,667 | 1.00x10° | 2.67x10’
Q(mn?) 1.68x10° | 85,843 | 340,703 | 2.63x10° | 147,107 | 9.16x10° | 1.89x10’
[ (mm) 7.82x10° | 3.68x107 | 1.45x10° | 1.07x10° | 7.32x107 | 2.11x10° | 6.33x10°
FTHFZ0] (mm) 254
O L=10m, &3 : 900 x 900
T 2 @D @ ©) @ ® ® SUM
A (m) 3,600 200 800 32,800 | 4,100 | 50,000 | 133,000
X (mm) 920 883 880 460 273 25 316
A-X (mm) | 3.31x10° | 176,667 | 704,000 | 1.51x107 | 1.12x10° | 1.25x10° | 4.21x10’
Q(mm) 2.17x10° | 113,430 | 451,052 | 4.72x10° | 175,694 | 1.46x10 | 2.98x10’
I (mm) 1.31x10° | 6.43x107 | 2.54x10° | 2.52x10° | 1.61x10% | 4.25x10° | 1.29x10"
FH520] (mm) 316
O L=10m, &% : 1,200 x 1,200
T 2 @D @ ©) @ ® ® SUM
A (mm) 3,600 200 800 44,800 | 11,200 | 79,200 | 200,400
X; (mm) 1,230 1,193 1,190 620 373 30 387
A-X (mm) | 4.43x10° | 238,667 | 952,000 | 2.78x107 | 4.18x10° | 2.38x10° | 7.75x10’
Q(mm) 3.04x10° | 161,293 | 642,507 | 1.04x10" | 151,569 | 2.83x10" | 5.71x10’
[ (mm) 2.56x10° | 1.30x10° | 5.16x10° | 7.12x10° | 7.83x10° | 1.01x10" | 3.23x10"
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O L=10m, =& : 1,500 x 1,500
T i ) @ ©) @ ® ® SUM
A (m) 3,600 200 800 56,800 | 28,400 | 132,800 | 312,400
X; (mm) 1,550 1,513 1,510 790 473 40 436
ALX (mm) | 5.58x10° | 302,667 | 1.21x10° | 4.49x107 | 1.34x107 | 5.31x10° | 1.36x10°
Q(mm) 4.01x10° | 215,520 | 859,414 | 2.01x107 | 1.07x10° | 5.26x10" | 1.05x10°
[ (mm) 4.47x10° | 2.32x10% | 9.23x10° | 1.67x10" | 3.22x10° | 2.09x10" | 7.19x10"°
FTHEFZo] (mm) 436
O L=15m, &% : 500 x 500
T i o) @ ©) @ ® ® SUM
A (m) 6,400 800 1,600 15,200 3,800 37,200 | 92,800
X (mm) 520 467 460 250 127 30 200
A-X (mm) | 3.33x10° | 373,333 | 736,000 | 3.80x107 | 481,3337 | 1.12x10° | 1.86x10’
Q(mm) 2.05x10° | 213,391 | 416,115 | 761,092 | 278,394 | 6.32x10° | 1.38x10’
I (mm) 6.59x10° | 5.70x107 | 1.08x10° | 2.21x10% | 5.09x10” | 1.09x10° | 3.28x10°
ZH8520] (mm) 200
O L=15m, &% : 700 x 700
T i o) @ ©) @ ® ® SUM
A (mnt) 6,400 800 1,600 | 23,200 5,800 | 49,200 | 124,800
X; (mm) 720 667 660 350 193 30 259
A-X (mm) | 4.61x10° | 533,333 | 1.06x10° | 8.12x10° | 1.12x10° | 1.48x10° | 3.24x10’
Q(mm) 2.95x10° | 325,940 | 641,214 | 2.11x10° | 382,267 | 1.13x10” | 2.41x10’
I (mm’) 1.36x10° | 5.70x107 | 2.57x10° | 8.41x10° | 1.34x10° | 2.60x10° | 8.05x10’
SHEFZ] (mm) 259
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O L=15m, &3 : 900 x 900
T i ) @ ©) @ ® ® SUM
A (m) 6,400 800 1,600 | 31,200 | 7,800 | 61,200 | 156,800
X (mm) 920 867 860 450 260 30 318
AX (mm) | 5.89x10° | 693,333 | 1.38x10° | 1.40x10" | 2.03x10° | 1.84x10° | 4.99x10’
Q(mm) 3.85x10° | 438,810 | 866,952 | 4.11x10° | 453,607 | 1.76x10" | 3.71x10’
[ (mm) 2.32x10° | 2.41x10° | 4.70x10°* | 2.12x10° | 2.90x10° | 5.10x10° | 1.60x10"

FTHFZ0] (mm) 318

O L=15m, &% : 1,200 x 1,200
T i o) @ ©) @ ® ® SUM
A (m) 6,400 800 1,600 | 43,200 | 10,800 | 79,200 | 204,800
X (mm) 1,220 1,167 1,160 600 360 30 406
A-X (mm) | 7.81x10° | 933,333 | 1.86x10° | 2.59x107 | 3.89x10° | 2.38x10° | 8.32x10’
Q(mm) 5.21x10° | 608,385 | 1.21x10° | 8.37x10° | 498,797 | 2.98x10" | 6.16x10’
I (mm) 4.24x10° | 4.62x10% | 9.09x10° | 5.82x10° | 7.22x10% | 1.12x10" | 3.55x10"

ZH8520] (mm) 406

O L=15m, &% : 1,500 x 1,500
T i o) @ ©) @ ® ® SUM
A (mnt) 6,400 800 1,600 55200 | 27,600 | 132,800 | 316,000
X; (mm) 1,540 1,487 1,480 770 460 40 451
AX (mm) | 9.86x10° | 1.19x10° | 2.37x10° | 4.25x107 | 1.27x107 | 5.31x10° | 1.43x10°
Q(mm) 6.97x10° | 828,476 | 1.65x10° | 1.76x10" | 246,420 | 5.46x10" | 1.09x10°
[ (mm) 7.59x10° | 8.58x10° | 1.69x10° | 1.44x10" | 2.92x10° | 2.25x10" | 7.74x10"

SHEFZ] (mm) 451
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@) 19 (mm4)
A7k (L, m) 53 (BxH) =8 gH2ARWE (m

500%500 3,573

700x700 3,573

5.0 900x900 7,594
1,200x1,200 18,000

1,500%1,500 42,667

500%500 5,333

700x700 10,417

10.0 900%900 10,417
1,200%1,200 18,000

1,500%1,500 42,667

500%500 18,000

700x700 18,000

15.0 900x900 18,000
1,200x1,200 18,000

1,500%1,500 42,667
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(3) FEWE 9 Hddd 43

Oh FWF BEUE

A2t (L,m) | &3 (BxH) M, (N - mm) M, (N - mm) M, (N - mm)

500%500 3.67x10° 7.67x10° 1.13x10’

700x700 5.05x10° 1.50x10’ 2.05%10’

5.0 900x900 7.75%10° 2.48x10’ 3.26x10’
1,200%1,200 1.29x10’ 4.41x10 5.70x10’
1,500x1,500 2.04x10’ 6.89x10’ 8.93x10’

500x500 1.82x10’ 3.06x10’ 4.88x10’

700x700 2.90x10’ 6.00x10’ 8.90x10’

10.0 900x900 3.67x10 9.92x10’ 1.36x10°
1,200x1,200 5.53x10’ 1.76x10° 2.32x10°
1,500x1,500 8.63x10’ 2.75%10° 3.61x10°

500x500 5.77x10 6.89x10’ 1.26x10°

700x700 7.75%10 1.35x10° 2.13x10°

15.0 900x900 9.74x10’ 2.23x10° 3.20x10°
1,200x1,200 1.27x10° 3.97x10° 5.24x10°
1,500x1,500 1.96x10° 6.20x10° 8.16x10°
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M, PX (N - mm)
A7} (L, m) %% (BxH) 2 %}?i‘ﬂ)‘i M,

500x500 204

700x700 560

5.0 900x900 1,191
1,200x1,200 2,822

1,500x1,500 5,513

500x500 204

700x700 560

10.0 900x900 1,191
1,200%1,200 2,822

1,500x1,500 5,513

500x500 204

700x700 560

15.0 900x900 1,191
1,200%1,200 2,822

1,500x1,500 5,513
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(th 2eE ()

!
V (¢ +g)

5 (N)
A7t (L, m) 33 (BxH) A, V((N)
500%500 9,057
700x700 16,042
5.0 900900 26,041
1,200x1,200 45,585
1,500%1,500 71,482
500%500 19,539
700700 35,607
10.0 900900 54,397
1,200%1,200 92,693
1,500%1,500 144,753
500%500 33,749
700x700 56,690
15.0 900900 85,512
1,200%1,200 139,769
1,500%1,500 217,726
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71 A,

Tl A JAAZ AT7tA 9] A7 (mm)

Aol 82472 A (mm)
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sl
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=
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=S Ao 9 ZAYES &Y (MPa)
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OFWa AL A7
. A9 *4=s4 A4
A7k (L, m) 5% (BxH)
(MPa) (MPa) (MPa)
500x500 1.28 2.48 0.29
700x700 1.17 2.33 0.37
5.0 900%x900 0.94 2.15 0.41
1,200%1,200 0.73 1.93 0.47
1,500%1,500 0.58 1.74 0.50
500x500 4.59 7.55 0.48
700%700 3.57 6.98 0.59
10.0 900%900 3.34 6.70 0.70
1,200%1,200 2.77 6.26 0.82
1,500%1,500 2.19 5.76 0.88
500x500 7.72 13.90 0.71
700%700 6.84 13.22 0.85
15.0 900%900 6.38 12.87 0.99
1,200x1,200 5.99 12.59 1.21
1,500%1,500 4.76 11.91 1.28
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OHY 4= .= "y (MPa)
h
° M,
oY I#EH f, = 7Y (MPa)
h
- V, - @
oY A&gy 7, = ]h bh (MPa)
h " On

2

Q, : Z¥stasl B9EY wRIRRdE - " o)

ZAYES §H (MPa)

2L
fur @ AR Aol A Zv 23 E $H (MPa)

(e} ° ol=x=9 KR

500x500 1.00 1.00 0.11

700x700 2.74 2.74 0.21

5.0 900%900 3.53 3.53 0.26
1,200x1,200 4.71 4.71 0.35

1,500x1,500 5.17 5.17 0.41

500x500 0.77 0.77 0.09

700x700 1.34 1.34 0.14

10.0 900%900 2.86 2.86 0.24
1,200x1,200 4.70 4.70 0.35

1,500%1,500 5.17 5.17 0.41

500x500 0.34 0.34 0.06

700x700 0.93 0.93 0.12

15.0 900%900 1.98 1.98 0.20
1,200x1,200 4.70 4.70 0.35

1,500%1,500 5.17 5.17 0.41
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(5) *HHE Q°F
. _ Q1782 (MPa) =89 (MPa) -8 = (MPa)
L ) 33 (BxH) N ; . . 44
LAk | S8 | AR | S8 | TR | S8/t
500%500 1.28 15 2.48 75 0.29 2.3 0K
700x700 2.74 15 2.74 75 0.37 2.3 0K
5.0 900x900 3.53 15 3.53 75 0.37 2.3 0K
1,200x1,200 | 4.71 15 471 75 0.47 2.3 0K
1,500x1,500 | 5.17 15 5.17 75 0.51 2.3 0K
500x500 4.59 15 7.55 75 0.48 2.3 0K
700x700 3.57 15 6.98 75 0.59 2.3 0K
10.0 900x900 3.34 15 6.70 75 0.70 2.3 0K
1,200%1,200 | 4.70 15 6.26 75 0.82 2.3 0K
1,500x1,500 | 5.17 15 5.76 75 0.88 2.3 0K
500x500 7.72 15 13.90 75 0.71 2.3 0K
700x700 6.84 15 13.22 75 0.85 2.3 0K
15.0 900x900 6.38 15 12.87 75 0.99 2.3 0K
1,200x1,200 |  5.99 15 12.59 75 1.21 2.3 0K
1,500x1,500 | 5.17 15 11.91 75 1.28 2.3 0K
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4. $2E AAR EF 9EE
7}, 299 X5
[=5.0m
TR 500%500 700x700 900x900 | 1,200x1,200 | 1,500%1,500
a 40 40 40 40 40
b 30 30 30 30 30
c 35 35 45 60 80
d 35 35 45 60 80
40 40 40 40 40
f 10 10 10 10 10
[=10.0m
T 5 500%500 700%700 900x900 | 1,200x1,200 | 1,500%1,500
a 60 60 60 60 60
b 40 40 40 40 40
c 40 50 50 60 80
d 40 50 50 60 80
e 60 60 60 60 60
f 20 20 20 20 20
L=15.0m
T’ 500%500 700%700 900x900 | 1,200x1,200 | 1,500%1,500
a 80 80 80 80 80
b 40 40 40 40 40
c 60 60 60 60 80
d 60 60 60 60 80
e 80 80 80 80 80
f 40 40 40 40 40

* 715 a, b, c,d, e R foll thE A= 29 52 F=x
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OL=5m, &3 : 500 x 500

580
40 500
8 wn
T T T T —
............ 3
35 500 35
570
OL=5m, &% : 700 x 700
780
40 700
3
~ % 5
R )
35 700 35
770
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OL=5m, &%

: 900 x 900

980

900

900

850
945

45J

900

45

990

OL=5m, &%

: 1,200 x 1,200

1280

40

1200

40

1260

60

1200

60

1320
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OL=5m, &%

: 1,500 x 1,500

1580

40

1500 40

1580

80

1500 80

1660
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OL=10m, &3 : 500 x 500

620

60 500 60

500
420
540

40J

40 500 40

OL=10m, ] 700 x 700

l-()l(
o

820
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OL=10m, &3 : 900 x 900

1020

50 J 900 @

1000

OL=10m, &3 : 1,200 x 1,200

1320

60 1200 60

1320
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OL=10m, &3 : 1,500 x 1,500

1620

60 1500 60

80 1500 80

1660
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OL=15m, &3 : 500 x 500

660

60 500 60

620

OL=15m, & : 700 x 700

860

60 700 60

820
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OL=15m, &3 : 900 x 900

1060

60 1 900 60

1020

OL=15m, &3 : 1,200 x 1,200

1360

60 1200 60

1320
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OL=15m, &% : 1,500 x 1,500

1660

80 1500 80

80 1500 80

1660

- 149 -




5. 23 Q¢9F
2 dAFdAeE AAlxde WE 8y ZIYE FEN NARY FREAE T
stAW v, I AFRE Qostd o3 Zoh

(1) AZEe] 4ol= 5.0m, 10.0m, 15.0m 5 37FAIF o™, 7/HAF2] ©@HL 500 x 500
mm, 700 x 700 mm, 900 x 900 mm, 1,200 x 1,200 mm, 1,500 x 1,500 mm & S57}AZA F 15

AA 2 Aol tishel A= sk,

e
ol
b44s
K

(2) o1& F 157HA 9 Aol d FxHHE T3 24 dH AFE A
ol EFUHEE A AT
(3) B A7Age] o5 ANE FEDUEE Ev FTIBEE o] &3 F2u A

R AAN A T 5 UAE FEF AR

A2 A=A A H
1 A754

£ A7 wAE AR Poldg A2e A7 A of
4e AAHoR PFIEY Ak B ATANE AIAF WA 244 A

n
AR LA AGS AR AT AAF wA APBAFS fE 71EY] =5 F=

off
ftlo

)

i)
)

2(ZE 70cm, £°] 60cm, 9 30m, AZF 10m)ol A& & F AEE AE AFAZS A
e[t 28 Wi gold 8o ® EEw ZIYE Hd(Eol 56cm, Aol 100 cm, F
A 2 em)yS A2 A

A7|ME FERALE A7 2 F e 2AE MAR g AE A S
AAste] hAAS AT stHoH, FRASE FAV HA FE Foldg el g

A AstAde AASA esrt
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2. AIEA Az

7} &=

[

ZN2E FEr] ZAYE AFY A= AFA AE ==l AR AT(SS400)>

s

A%HFE 02~012 %9 AeaFo 2 FAE 32mme 6m
Zol= 3385 mmE dtFgon, Bro e 13 5737 21, 4e Az 513 2o

g =deA Ade &olstAl s falA WF-ol= © W Z(turn-buckle)& A 2] 5}

o

AEE e 2E Y S2YE AFe] 2¥e] A HEF s

o
I
125 61,4 123 N
. . - i
451.4 g—g&/ 9
q
11316 11P6.6 1126 . ) A
37? /,LE %
mfﬂ et 4
g Ly B o
T 1 3 ) x 3 =4
e P 136 613.4
— 9 . N
NI g
(s NS Ns J |
[V —
1 [
a
I - (eel=
q a0 v
s | 630
= i B i L e 0 ’j — 5
b 3 s s s s 5335
Lo Lo
(ehel=mmd J . E
Ly
32
IS /=] ) E—
Ry2 =
) BH=E
B85
32
= 22 4
- q“{ . ; €134 €5
d g s D
4 4 —
B N
=
4 |
i3 | r 1
2| i N i
150 1514 150 49.4586.4 150
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. AA A Z

MAR AdAE AIAE A F2u9 Xzke] 10 m o]2E 1/39] g3l 3,300
mm®| ZolE zte AFA 3ME AFst Hidste WS gGstdnh. 1 olfE Aol 10
mel A@AE Az 2o] Wl oz ey, BErol A wgx Wol haFo] A wrirt
Folx 7] wlEolth A& FEFe WHAZ 30 mol AT T £ AEE 3300 mm Zole A
Al 97NE A# sk

a9 58 2 & 5o g FF 2 AFAY s eI, 18 599 AR 529

Azt & JER AT
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L2 ]
L
a 4 " <
< A Z a qA 4 A
< - 4 —|Q
4 ” , a4
< 4 a
< a ”
!
o~
0
1) HAEL) 2) ZH=
a9 5.8 ANEA & A
51 AFAY 3l
2l (mm
(mm) L L1 L2 a al a2 a3 b bl b2 r
(axb)
700600 3,300 50 3,200 | 700 725 25 820 600 625 25 50
Preparation of materials & mold
¥
Application of mold release agent
& rebar setting
4
Placing of polymer concrete
& compaction
3
curing (25 "C)
L 2
Demolding
L 2
Assembly
3
Strengthening of the tensile side
& compression side
L 2
Installation of Poly rubber sheet in
end of flume
% 59 AdAY AAARY TE5E
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o A27ME =9

Fz34 Aol olsu
o WA T 5

AHgERA Qote FEHOR
W28k, E3] Segment 2 A

Aol W5 o)y o] HiY

QFH I

|F o
o ny

o

OFOL

iR A EA
3 A2 By
A7e Ae

o7 19 5103 o)

599
599

| 758 |

L=90 N=1 —_— D10
400

L=400

N=6

J 3200

(:2 D8 L=1956 N=23

B e T TrTTe
heok

1)7%;IL %3 ( L=3,385 mm )

( 2 D8 L=3200 N=16

ey oy -

2) & AX)( L=3,385 mm )

a9 510 HFe =Y 9 AFA
¥ 52 A8 FIH A=

Bz 5 o] A2 F4 o] G Hkg) | FFTFH(kg)

(m) (m) (kg/m) (1-Segment) | (3-Segment)
Al 55.31 170.5
D D8 3.2 16 51.2 0.56 28.67 86.01
®) D10 0.4 6 24 0.56 1.34 4.02
® D8 1.956 23 44988 0.56 25.19 75.57
@ D10 0.09 2 0.18 0.56 0.100 0.3
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fru
kS
it
4
an
oi
)
=
o,
[z
é
o,
)
il
r—{o
rf
o,
&
>,

Al & A sl e,
]

r
r =
=3
rEL
r
2,
)
2
Lo
ol
Yo
b
=)
_1
ich
il
R
s
-z
lo
N
s
Y
X
o,
-,
R
2
Lo
ol
i
_{
N
i

T

P
Wowd 9 o
SAE AE AUES TlA FBA F 93 B2g AA AsL, YEe yitol
A2 ¥ dHS(tum-buckle)S FEAA BPF F AR utste] 15U7E 71 A3}
At
Ab AE ARA =9
7} Segment®] HEFS s EHFE Ant Agsta, dZF(G333m AR FAEFHY

FRY FARE 9 FUY FHE 3 CIFA F£AE =X F =AU

SEEEEECEE 5 A% A
AR 52 AGAS A% HHAS)
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5) *.J_m FA

7) A @A ol 8) de| U+

g) Sl ZA =X 9) AEA =

A7 52 A@A Y AR 74

oh %% 2 ¢43% By
zHol B AFA L AZFB33 m MAF FAd™) = I W 4F 2L 1

d 511~5129 o] RGEZ(EZ7E @W, @)=z dZdste] 10m Zole =3
(span)<= SAsIATH S H hFF HI A AR AAH e dAEE e 1

Y 513~514 L AR 53~54% 2t}
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S& &7 (T=25m) H10 (L=200mm)

AlBolgR (ol ZA 2E) HZEZ(8FHS)
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aERR1g )

®H

F vleA ] ( chipping,

o
=]

Aol

o 194

i
o

~

s

il
Nr
-

0

—
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1) o5& A|A

3) Segment =¥

5) A &4
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o 19A : Al Fol&F ulerA ] ( chipping, W 124919 )

g

o 4TA . FYH E=EEEE S-St A &4
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2) Segment &

3. AstAE

IZEMNAE ZFo

=

= APEAE T
5.15¢F #Zo] HAA(LVDT)E U

ZAYE AF AstAEL 10m=z A=tdE A
ARG M AdstaTt. ol& s 1H

2
AFZ ol N, GHS PV FE| 2 17, 2
9% ol 4 e & 1718 HEsHA

43 HYEE =438

Mo R 24 AFAHOH, o] W A

S8

AR ssel AEAGA tE Y BAS derideh
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650
5@100

=500

=150

2075

1) LVDT *474 el

4500 1000 4500
- \ \
€) o
o
(@) ae P
o
© as 2
@ =
©® a4 ©
— ) 3 —¥
®) (12)
—
) | ) I i
© E O
11
30‘ L 380 [ 380 J ‘30 ﬁ L 3,333 3,333 [ 3,333 |
(@ij) L 10,000 |
| 820 |

0),(1) = LVDT
(2)~(18) = strrain guage

Aol Ht

1) AEA AA 1 2) A@A AA 2

(R
3) 2EdQl AlolA F2H

AR 5.5 ASAE AAE (A1)
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5) LVDT A

7) F7}stE A3t (0.25ton) 8) A 2 ¥MyE =4

= o

AL 55 AsAl e AR

M ER

(.

8 54

A

7 AAEA

O

Deflection (mm)

jLvot

1 Strain guage

30
elapsed time (hr)

E 516 AN 2 - T4

= hud

AN P AEAPOZA Ger FHE AXFH AGA Eo 3 57

1H3Z FIltES ASAA  244%t0] ARE w7hA E-HY BAZS AP
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a9 516 ATA WE ARIHORA AT AZRE AAAASE 347kl A
FRE)E AsSF kol utel AQFY F7Ee] Aou I o FolE HAFo| A
84 e Ao Ueth of IgelA Qolx Hul Ay ¥ 539 Lok

O AT AAZe APe B ALY ASE A 27158 BT @ WAAE 37
st ARe o FletE AstAdle F71E] EaEUom, Ask F AT HE 244

7ho] AsE WA Aol 1452-1539 mm WIANH FHeE AFL nATh

791 274545 A 2423t AHF

=2 0] 2

=4 914 3= W o) e &= Ho 3= e &F
(kN) (mm) (kN) (mm) (kN) (mm)

LVDT (0) 260.78 7.92 480.30 8.785 480.30 14.52

LVDT (1) 260.78 8.62 480.30 9.715 480.30 15.39

g, Wasy
oA AFE vie} NANAE WAE AU
A3 8 WA delHE 2Rsgon, 1 Ans ted 2t

600 o
v * < © A
< v ° < . A‘
g 1 P8 $oo—+ e 4
® |
S v * <4 b A
¥ * < ® A‘
v * < J [ A
v < E [ ] A
v ° 3400 T ¢ A
v * < e A
v L 4 < = o A
" % 1554
v $ &
1 1 1
-0.00016 -0.00008 0.00000 0.00008 0.00016
Strain
=1 © ;]_z =] = 37
a9 517 HAG] stF-HEE FA
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(1) = Al
1% 5179014

FEm ZHel SF-WgE F

Shd, FEEA A AldtE 9He] FYEE Zols FEN JAAZFOERE YE YFeR
mmA| FolR oy A3 AF 250 mm A FEE Al)A(6) - (144 WP EC] =3
ZAOFE Hol o] A FHFo] FHAHES & F UTh

Zt Ao A SAE AP ES HUFL E 549 2o

54 FEu A9 - HIYE s
T2 =7V A
=391 vl a1
3t (kN) HYE 3% (kN) HYE
Guage (3) 260.78 -0.000146 480.30 -0.000159 ==
Guage (4) 260.78 -0.000100 480.30 -0.000136 y
Guage (5) 260.78 -0.000054 480.30 -0.000061 y
Guage (6) 260.78 -0.000008 480.30 -0.000015 THS
Guage (7) 260.78 0.000043 480.30 0.000043 A=
Guage (8) 260.78 0.000079 480.30 0.000085 y
Guage (12) 260.78 0.000085 480.30 0.000086 y
Guage (13) 260.78 0.000058 480.30 0.000059 y
Guage (14) 260.78 0.000015 480.30 0.000014 THE
Guage (15) 260.78 -0.000028 480.30 -0.000034 ==
Guage (16) 260.78 -0.000068 480.30 -0.000078 y
Guage (17) 260.78 -0.000109 480.30 -0.000125 y
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2) 985 & A==
o [l i3 § o .
500 - i | | fo ~ i 500 b 4! | foom =3 R i L
.::l LVOT ..: A Fe o o8 L 1
1 i ;\‘I‘. I I e - 'I I I
a -_ancan -0.00005 0.00010 L.00015 <0.00020 0.00025 000000 00000 0.00010 000015
Strain Strain
) == 2) AF=
19 5.18 Sta-HEE T4
I8 5182 == QA=A S-HEE 3AE Yeld Zoly, HEES AUt ®
5.59F 2o
o] AFollA QA= A tFZo] HPEL ASRI7|FH wrfo =2 w7t F7tst
Fqou FrrstE A Fole ==oA 0.000158~0.0002030] a1, Q1AZ=0A 0.000121 ~
0.0001400. 24 o] AL doUA & & 5 AUtk
o] A¥= NWE ZIYEQ 3 WHIFE 0.0037 vlws] HHA ofF AL s &
gon Zw FIYEQL I3 HIFE 0.0087 HlwE RH u]e ZS FoZA A =
Ho| A ol Fd ZA7F gles I & = Qo
® 5.5 AEF2H AAHAZA slF, HEES HUgk
=9 F7Vstw Alsk
TE SA A
35(kN) HYE 3}2(kN) HYE
Guage (2) 260.78 -0.000197 480.30 -0.000203
A==
Guage (18) 260.78 -0.000152 480.30 -0.000158
Guage (9) 260.78 0.000117 480.30 0.000121
AX= Guage (10) 260.78 0.000180 480.30 0.000122
Guage (11) 260.78 0.000130 480.30 0.000140
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(1) &ZF9 AL &8 A7 A&RsteE At =715 H w7 2 w7iA s kst
AFE BRoy FrkstEs AstAlde S7EE0] E3EHASH, Ast F 61X FE 24A4310]
AE 7= A Qo] 14.52~1539 mm HANA FH= FFS By

o] S AME ZIES FE AHZ (LA60 = 27.7mm)e} Bl HHE g 2
HOoZA FxHoT FEI| TS & 5 UTh

(2) FS 2 G559 HIES AsRVHE o =2 wjztA Frkekey +

7}etE AsE Tol= QA=A 0.000121~0.0001400] 3, FZ=Zol|A] 0.000158 ~0.000203 = 4]

g HYPE 00037 HlwE BHW ofF H2 FHAS ¢

N

ol A ofFd ZA7F fles & ok

(3) oldolAst e 2E Zen ZAZE AFol U dF A= f3 d= 7=

=
NEe AN A AFFTH HEE EF S8 el o 7rxHem SR A
F= & 7 AMen, o2x AR AlFAE A ZAZE RS AdS 2 & U AN

=
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H 6 & dYaZ UTHE Jls

A1d @7 AP AF

1. ddA 44

NPBAE e FREIe F4A AES As AWAFA FHE 6313(TH)HA A2
SHAAA R F sHH)S Adstn A= 19800 HAH = A% 30 m(10 mx 3 span)! =
TH AZEIYE FEuaolth. A 612 AFERC FAE HAE JERE Aot
71E9 FEIE O¥ 629 FHA A AR EAGHEE A A2002-175
(2000.12))2] TG X 7+100 Ao 30m Ao|E MAA|FHo] o, A T49

+ EL 84.04 mo]t}.
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2. 3t AN 7|1EAY HE

7h R AR

(1) Ao F2u 752 24

Uh & Agae 29 63994 No.7+100 A< EL 84.042 ZH

(W) FEue] A % 61 2 629 A 3Fo) wiet 30 m2 Z2H

(th @99 37)= 7128 5Y¢g 271(H=600 mm x B=700 mm)Z ZAH

¥ 6.1 SAA SHHANZIEAZ QoF

T 2 & o
A A2 g
HFaF 4.90 km
Fe9Hd € F=23 590 km?, 2% 5.03km

AlA L EHA] A R
ERRE B e

£ AN AT (FYF FFD)
P ERREL (147

s BRI 1966 ~1999% (3371)

= (0.17), B==F (0.08), 5= (0.05)
2% (0.02), 71+ &= (0.0D)

FHAEF 1X}F=AF - VIS S (2000. 10. 14), 2xF=A - IIES5 (2000. 11. 23)

N

S

=3 M

} :880km, ZI/NFAZ : 3.27km
; © 6.98 km

0:

r&
o

330 LAY AeAE o] &

iﬁé : Gumbel-Chow =} &}
E749% (mm) :

20‘5(245.6), 303(264.7), 503 (283.6)

80+ (310.5), 1003 (320.9), 1503 (339.7)

HE B

(Lo A
fi o o
1 oy e

, o e

J

Clark 9523 A=

718 H AE FFF(®/sec) :

Sh21 7 (166), A

AFA57), AT 7HAF AFHA3D), AWA FFF(TH),
xR A (52)

s
il
oo
4
off

o
o
ol
o
oy
Kl

wER— Uy Y

0.030 ~ 0.038

BN
dot |
X
S|

p)
ofr
2

15~30m

A 1 AlF 1A, A% 22X, AlE 3AF, AW 1A
TEl - AW 22X, ?qLH 3=

3
X
-
doy
T )
o
L
I
Rl
4
N
)
a
NN
4

FTANFA T A 0 6980m, BEF A% 1 900 m

El

1

o |
>

i

1t

)

Jot

z

o | ¥
>

i

e

©

>

olf
i
Y
f
—
o
=
=
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PO
(EL:536.1)

a8 = =
£ 62 WA FWAY FHE 4%
. AR 5 (m) :
I B E Bl B = o o ass | ]
121 o | @ .
=m | RS (m)
(m?/s) | (km?) 211 | A@ | A3 | AW (m)
gkAl | HKO 1656 8.90 | 0.0065 | 40—60 | 32.0 30.0 32.0 |19—119 30
HK1 157 754 |10.0124 | 40—60 | 22.0 27.0 31.0 | 14—22 25
HK2 131 5.88 | 0.0094 | 40—60 | 24.0 24.0 28.0 | 14—23 25
HK3 75 2.60 |0.0252|40—60| 11.0 15.0 19.0 5~15 20
HK4 52 1.60 | 0.0782 | 4060 5.0 11.0 15.0 6—18 15

=) 2
21(3)
21(4)

L SR ETE,

TRl AR FEaE

TR A AAXRLS] S5F 7=
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(1) FH AE

B\
ot

ot

=4 1/10009] 5% A=E 283

g A WXl (BTEFT) $=1:1000

AEAYE FRAY A3l AY ZW F - JY ZFL viastel B A% ISP

10012 | o9
Ll

- 4 ?1/

96,05 (D 96.0 |-Ll

l P N i

9 —— IY=1 Q%&’

99,4 9§: 4 100,17 Cf
99,19 Qg kN aYalEWN=Nal
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S=1:200

= FRT [eien [ wls el= e
‘ ‘ ‘ ‘ [ mgg  Jamus I

S=1:200

™ zeowc=n
[g7ip0  Jume= I oz ot ]
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A

(SPAN - 10M)

L’ A
1) BH%
P.V.C WATER STOP
1, - |
)b = ) =
MOVBLE END FIXED END
3) TEHE
a9 68 7€ FEN TEE
63 7€ FEN HUE DAHF
T T4 @9 TF el sF | FAlton) H] 31
& A 26.712 9ton / 1span
ZIYE 25-210-8 m' 10.62 2.4 ton/m’ 25 8.3 ton / lspan
2 A 0.856 0.856 1.7 ton / 1span
2 D16 ton 0.266 0.266
D10 0.590 0.590
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(h 7H4d =4

IZYPMN2E P ZIYE AFY 1-Span(10m) FHF> A
(9 ton)e] 1/3 X! 2.7tono] Tk wWetA] 7HAE Avl= A <Y
3 7t 39S AEsHeH, B AHE 0.ome WESE AFESATH

7He A= O 6113 o] FY
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AA skl thgoll TG, PHAT e R R
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ARl 610 ZMN2E AEF A2 HA

MEol g2 dAR o AX s, 7|Ax= E221H A E(Polyer rubber sheet, 12 x 200
mm)2} STS(Stainless Steel) LB T X FAEEE ALGste] dAoA =¥ - AX|3A L,

NEA FAZ iz A ALY 6.12)
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&% 64 SHE ANFF SHAH
<=5(%) A48 374 % (mm)
) %7
544 Nz | 23 7144 0 © 5 @ - H] 3l
A5 (AAH) (AAH)

o 33.0 | 32.0 | 24921 | 240.81 | 246.64 | 244.59 | 244.66

A2 153 | 17.1 | 24837 | 235.00 | 246.30 | 238.00 | 243.70
A - & 1725 | 149 | 0.84 5.81 034 | 659 | 0.99
2013-03-27 16.5 NEL
2013-05-02 | 17:00 | 1525 | 17.10 | 249.21 | 240.81 | 246.64 | 244.59 | 244.66 ;jf%
2013-05-04 | 15:07 | 22.00 | 21.50 | 248.66 | 239.99 | 246.49 | 240.95 | 244.47
2013-05-05 | 14:23 | 25.00 | 23.10 | 248.81 | 240.42 | 246.30 | 240.00 | 244.50
2013-05-11 | 16:15 | 25.00 | 24.00 | 248.53 | 239.81 | 246.43 | 242.99 | 243.73 | 5+
2013-05-17 | 14:30 | 27.50 | 25.00 | 248.73 | 238.29 | 246.55 | 241.09 | 243.84
2013-05-26 | 14:30 | 31.00 | 27.00 | 248.59 | 237.88 | 246.54 | 239.00 | 243.71
2013-06-01 | 14:47 | 28.00 | 26.00 | 248.64 | 238.34 | 246.55 | 239.00 | 243.79
2013-06-06 | 11:30 | 26.00 | 25.00 | 248.61 | 239.54 | 246.49 | 241.37 | 243.75
2013-06-09 | 14:00 | 31.50 | 28.00 | 248.53 | 237.90 | 246.46 | 238.00 | 243.76
2013-06-16 | 14:00 | 31.00 | 28.00 | 248.56 | 237.81 | 246.52 | 238.00 | 243.74
2013-06-25 | 13:06 | 26.00 | 25.00 | 248.55 | 237.00 | 246.47 | 241.09 | 243.76
2013-06-30 | 14:00 | 32.25 | 30.00 | 248.46 | 236.00 | 246.47 | 238.00 | 243.76
2013-07-06 | 16:19 | 32.00 | 32.00 | 248.37 | 235.00 | 246.44 | 240.00 | 243.73
2013-07-14 | 14:17 | 25.50 | 24.00 | 248.60 | 240.39 | 246.41 | 242.52 | 243.75
2013-07-20 | 12:11 | 3125 | 28.00 | 248.49 | 238.52 | 246.46 | 242.54 | 243.72
2013-07-27 | 16:58 | 30.50 | 32.00 | 248.59 | 238.82 | 246.41 | 242.76 | 243.73
2013-08-04 | 12:00 | 32.50 | 29.00 | 248.43 | 237.20 | 246.44 | 240.80 | 243.76
2013-08-10 | 17:59 | 29.50 | 29.00 | 248.43 | 239.35 | 246.42 | 243.53 | 243.78
2013-08-17 | 16:16 | 31.50 | 31.00 | 248.45 | 238.14 | 246.41 | 242.12 | 243.70
2013-08-24 | 16:54 | 33.00 | 31.00 | 248.44 | 238.60 | 246.42 | 242.80 | 243.67
2013-08-31 | 16:37 | 28.50 | 27.00 | 248.48 | 239.30 | 246.43 | 240.79 | 243.65
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THAY A= P 77]=2(C)

ddd FHa17]12(TC) Hdd HA712(C)
1971.08.03 28.5 1971.01.05 -16.6
1972.07.20 28.8 1972.01.28 -9.6
1973.07.26 29.1 1973.12.24 -13.3
1974.08.20 27.6 1974.01.24 -15.1
1975.08.19 28.0 1975.01.17 -9.7
1976.07.25 27.1 1976.12.27 -13.9
1977.07.28 28.7 1977.01.03 -13.8
1978.07.27 29.5 1978.02.01 -11.6
1979.08.13 28.0 1979.02.02 -12.7
1980.07.19 25.5 1980.12.29 -14.8
1981.07.24 28.9 1981.01.05 -18.4
1982.08.11 27.9 1982.01.29 -11.1
1983.08.03 29.3 1983.12.25 -11.5
1984.08.11 28.5 1984.02.03 -14.4
1985.07.31 28.6 1985.01.30 -15.9
1986.08.02 27.9 1986.01.05 -20.3
1987.08.05 25.9 1987.01.13 -12.9
1988.0807 28.7 1988..02.03 -13.1
1989.07.19 27.3 1989.01.28 -10.3
1990.07.30 28.6 1990.01.25 -15.0
1991.08.14 27.3 1991.01.05 -12.0
1992.07.29 28.2 1992.12.15 -9.5
1993.07.31 25.4 1993.01.19 -11.5
1994.07.29 30.2 1994.02.10 -10.9
1995.08.14 28.3 1995.12.25 -9.9
1996.08.03 28.2 1996.02.02 -10.3
1997.08.01 29.8 1997.01.22 -10.0
1998.09.05 26.7 1998.01.24 -11.8
1999.08.10 28.4 1999.12.20 -10.5
2000.07.21 28.4 2000.12.26 -10.6
2001.08.03 28.8 2001.01.15 -18.4
2002.07.29 29.5 2002..01.02 -12.6
2003.08.22 27.6 2003.01.06 -14.0
2004.08.04 28.6 2004.01.21 -13.4
2005.07.23 29.6 2005.12.18 -11.4
2006.08.15 28.7 2006.01.06 -10.5
2007.08.02 27.5 2007.01.13 -7.8
2008.08.10 28.0 2008.01.17 -9.9
2009.08.19 27.2 2009.12.31 -11.7
2010.08.05 28.9 2010.01.07 -15.0
2011.08.11 27.6 2011.01.16 -16.2
2012.08.05 29.7 2012.02.02 -15.2
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3. A3 8¢
of ATE 2w WE AFFL FAHRA ste] o|2g MuF Ao dojA
AnE aofstd oo Lot

(D 229 23 E sz HAY ASFED Y o842 3.96mm=E A& HAL

(2) At FERMETL FAsH= Aol A=l 0.34~084 mm= AA Yepd A
< WY Eo| 7HE A Uetds 2] SRl SAEHUAY] WEelth

(3) #H 30 HAY AxdE LdF T 7129 HAAHH Hags AR LeH, o

A3d NL7|=o| BAA

o4
A
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1. YA A

TR wARE IR ol&sti, AR TEI NAFE d2 SAYE F2EE A
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ol gler®z A|2AE AE’E AA olgo] XFHE HFEARIE AL

AN

® 66 AT FTAYEER AANFT T A5 T3AH HA F AA) (299
@ = Al ) A 2] G
O =F A 16,190,685 8,289,089 7,804,976 96,620
@ A7 n 2,856,171 | &=FAH] % 17.6 %
@ =FAHA7E 19,046,856 | =3 AL} + A 73 H|
@ Yur#E ] 1,142,811 | =FAH7F x 6 %
® °] & 1,856,695 | (=& A 7H-GHERE] B]-A 5.1 x 15 %
® F57HY 22,046,352
@ B 7 A 2,204,636 | 357FH x 10%
Z3 Ak 24,250,000 | FF7HY + FI17EA A

E 67 A TAYER ANF T A5 <A A WY

| H| N
A =2 Y = 5 oA ° 3 A
v = A ! T 1A &) " ]
T T4 T4 || a9
L S =L B = 4 B = R 04 =L = 4 o =i

1. $2WAX 6,354,404 8,289,089 96,620 14,740,113
LAY EEA

(23 Hu|E-VIB| 11 | m 305 3,355 | 29,548 | 325,028 32 352 29,885 | 328,735
Ao7bs =2

@7 0.89 | ton | 12,480 | 11,107 |511,520 | 455,253 | 10,230 | 9,104 |534,230 | 475,464
il’o

AFH 124 | w | 20,972 |2,600,528| 35,091 | 4,351,284 56,063 | 6,951,812
ZB-Eule 60 |F/m'| 18,480 |1,108,800| 23,299 | 1,397,940 41,779 | 2,506,740
A3 150x5T | 066 | m | 8145 | 5376 | 24,237 | 1599 32,382 | 21,372
7 A 154 | m' | 17,047 |2,652,238| 11,322 | 1,743,588 | 566, | 87,164 | 28,935 | 4,455,990
2. A AA 1,450,572 1,450,572
Hn) = 25-210-8 m | 63,067 | 693,737 693,737
olgA D10 mm |0.632 | ton |830,000 | 524,560 63,067 | 524,560
olg A= Dl6mm |0.285| ton |815,000 | 232,275 232,275

s A 7,804,976 8,289,089 96,620 16,190,685
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% 68 HAZ ZIAYERZ AAF T A AAH 2E YAA
% B | B
1 7P =50 [ A H] ] x 10.60 % = (8.289.089) x10.60 % = 878,643
2. XANRIPE [ =% x 3.70 % =(8,289,089+878,643) x 3.70 % = 339,206
3. 1ERIE [ =% x 0.79 % =(8.289.089+878.643) x 079% = 72425
4 ARBRIS [ ¥ 1] x 170 % =(8289,089) x 170 % = 140914
5. AFEYE [ A-w=Tu ] x 249 % =(8.289,089) x 249% = 206,398
6. =127 2FRAT [ AZHIE ] x 655 % =(140,914) x 655% = 9229
7. B AT 39 &
8. J=FAFHZE 39 7 &
9. AHAtA R AAE ] ¢ 39 7] &
10. 715F ZH] [ + A EFH A ZE R AR AT ] < 6.20 %
= 9,089 + 878,643 + 7.804,976) x 6.20 % =1.052.307
11, §7 1540 [ AHE] ] x 0.90% = (16.190.685)x 0.90 % = 145716
A = 2856171
® 69 ZYH FTAYE FFOE wA & A5 T3 (HA T A4 (9] - 9
3 = A LY Agm | B
TFAH] 5655247 | 3,424,431 621,574 | 1,609,242
@ A73m 1,599,150 | &=FAHH] x 17.6 %(F 718 A 23
@ =sAHTE 7,254,397 | =3 AHE7E + A7 W]
2 T gupe 405,263 | =FAATE x 6%
:} ® ol& 979,704 | (F=3AR7HLuiEE]El- A =H]) x 15%
® 357 8,639,364
@ FIRA 863,936 | ZHF71 x 10 %
AR FAH]) 9,503,300 | ZF7tA + FBI17EX] A
gy F3YE £F M4 5,119,346 1,200,200 3,919,146
SRl 14,622,646
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# 610 Y FIPE FFOE AT AF &AM AHE W9 A
I I P ) T e B R
I = O = B = B = = v =
1L52RAx 10m 3 | span |28,154 (84,462 (383,222 | 1,149,666 | 36,015 | 108,045 |447,391 1,342,173
2.3 R X 3 | M4 | 8,989 26,967 85,540 | 256,620 | 11,916 | 35748 |106,445| 319,335
3AF0l5 A 200 x 12 | 108 | m | 3,120 |33,696| 24,237 | 261,759 - - 27,357 | 295,455
4505 54 | m |16,875(91,125| 16,897 | 91,243 - - 33,772 | 182,368
571242 0 A 3 | span |32,380(97,140| 182,808 | 548,424 |116,472| 349,416 |215,188| 994,980
6.2 EAHA 1.08 | m3 | 4,839 | 5226 |106,263 | 114,763 | 21,357 | 23,065 |132458| 143,054
7.0 A X 6719 g | 525 |m3/ 3| 2,187 (114,817 11,888 | 624,120 | 0 0 14,075 | 738,937
8.22YEAN7]  |[HF30ecmH W 13.2 | m3 |12,738[168,141| 28,624 | 377,836 | 14,734 | 194,488 | 56,096 | 740,465
Fj'ﬂ%ﬂ%}giz‘i BH - 0.6w | 1 2] - - - - 550,000 | 550,000 |550,000| 550,000
10.9 71 &4 31.68 | ton - - - - 11,000 | 348,480 | 11,000 | 348,480
1171201 1 2] - - - y - - - B
& A 621,574 3,424,431 1,609,242 5,655,247
¥ 611 v 239E TEo AT 4 AR A& YA
A R ¥ A
1. 2+ e -9 D[ AHETHE ] x 10.60 % = (3,424,43) x10.60 % = 362,989
2. AN EEE SRS x 3.70 % =1(3,424,43+ 362,989) x 3.70 % = 140,134
3. 18EFEE S x 0.79 % =(3,424,431+ 362,989)x 0.79 % = 29,920
4 A7HAR S AP ] x 170 % =(3,424,431) x 170 % = 58215
5. A RER D AHEFH ] x 249 % =(3,424,431) x 249 % = 85,268
6. =72 ¢REE [ AFEAE ] x 655 % =(58.215) x 655 % = 3813
7. H A FA FFH 039 wRk WA
8. st=wAwHTE 39 mu v HE
AR A B R ¢ 39 mwk m A
10. 71k ZH [ A=+ o+ A SH + A AA D ] x 6.2%
= (4,949,543 + 362,989 + 621,574) x 6.20 % = 367914
11. 73 B A S AFFA ] x 090% = (5.655.247) x 0.90 % = 50,897
@A = 1,599,150
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# 6.12 ZE ZIYE 5 3 A (2 - 2l
AR R DL B I I G I
B 3 70,600 1 3 211,800
£HE 1 70,600 2 2 141,200
v FuF 4 70,600 1 4 282,400
-
gl 2k 4 70,600 1 4 282,400
4% 2 70,600 2 4 282,400
A 17 1,200,200
Fozd | 8~10mm | 403 50 | 20,150 9 181,350
2 A #5.5 183 51 9,333 9 83,997
=4 4 193 40 7,720 9 69,480
R 87 2450 | 213,150 9 1,918,350
'3 S 5A7A 2 2450 | 53,900 9 485,100
olgd2 | 8~10mm | 627 | 8100 | 50,787 9 457,083
SRy 30 2450 | 73,500 5 367,500
2 A 924 355,040 3,562,860
BATHA 1,446 408,390 356,286
A 2,708 754,097 3,919,146
A 5,119,346
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ARTEA AARE AAFA B3 ZA2E Beiv] ZIYE ADL o] g3t

23 Shs Ao FFAME E 61304 B F gl wheh Ze] 9056 dow 2

1%

HRon, &FAH], AR 3 gloldg dde 3 AFH AE WL 44 & 614,

6.15 ¥ 6.163 2t}

A7IME ZEI2E EEv ZIZE FdY I AZHE ZE FAG AUHALE
710l glong AT A& A o]go] x3H HEJHE H LS
E 613 IHE=Z gold T H§ FFAM] (T : )
. - 1_ A 5 1]
T3 A 3,891,926 3,691,926 200,000
@ A7 1,030,178 | <=&AH] x 26.0 %
T=FARATF 4,922,104 | =&AL 7F + A 7gH]
29
j @ gulza]n) 295,489 | = FAFATE x 6%
P2
w | ©°lE 753,047 | (AR HARRAEELASR]) < 15%
® FE7HY 5,970,640
@ B A| 596,335 | 571 x 10 %
A (X FAH]) 6,566,975 | ZF7FA + BI17HX] A
ZYNAE ol I AF 7}

2 2,489,100 | 41,485 ¥/7) x 90 7} (30 m x 39)

5

ZF A 9,056,075
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E 614 HE= golgd T A A AFE U9 A
7 H) ]
A =2 B + 2y © &
. . b T e ¥
T T H T+ T T
L = L N R
1. 7Z2EF Ad 24 | 54 | o 44,229/2,388,366 44,229 (2,388,366
g A8 900 | kg 1,367(1,230,300 1,367 1,230,300
T YALX| 90 | MA 814 | 73,260 814 | 73,260
2. Ak ARE R
- wege 1 2] 1200,000[{200,000 200,000 | 200,000
& A 200,000 3,691,926 3,891,926
E 615 IR gold & AF AAH] 4E A
A A oH A E
1. 7V =39 [ AHEFH] ] x 10.60 %=(3,691,926) x 10.60 % = 391,344
2. A ERE [ =519] ] x 3.70 % =(3,691,926+391,344) x 3.70% = 151,080
3. 28R ¥E [ =59 ] x 0.79 % =(3,691,926+391,344) x 0.79% = 32,257
4. A7TEHAE [ AHEFH ] x 1.70 % =(3,691,926) x 1.70% = 62,762
5. 9AFHER [ AH=FH] ] x 2.49 % =(3,691,926) x 249% = 91,928
6. =7 YRAT . [ AFEIE ] x 6.55% =(62,762) X 6.55% = 4,110
7. E 23 A FFH] 39 mgk W A&
8. A =FATETH 39 w§k m A&
9. AFFIAR AR . 39 WRF v H &
10. 71} AH [ AT+ HE =0+ EH+AFAA DN ] % 6.2%
= (3,691,926 + 391,344 + 200,000)  x 6.20 % = 265,562
11. 87 B 7 n] [ AHZTAR] ] x 0.90% = (3,891,926) x 0.80 % = 31,1356
SHA = 1,030,178
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E 616 zho|d dde T Az (F9] : 9
T8 3 = A0 Z=gk =" Loy T —Lop
Al e} = o U T 1_7 = i (lfﬂ]l":jx) =T |
A B} 4 F 12l 0.2 ¢l 70,600 14,120 1 14,120
2| A8 2 ol s 12 1 5,000
H] & Al 1 19,120
o = T
A= T4 T ke | HHkg) | = (172) =9
=<
= 2 5 4,050 1 4,050
A = A 12.68 40 507 1 507
=2 T A 4.44 2,400 10,651 1 10,651
H] A 7 Al 1.90 3,000 5,706 1 5,706
T A A 0.38 2,500 951 1 951
o] & A 0.10 5,000 500 1 500
A Al 24.5 21,865 1 22,365
g A 1 41,485
2. =AM vl
FFAMR7heE 22A4 S HES UREe wHFAHAA dAHIE AEA JAY o] &0l
xgE E AAY &S HtYsty FAAsteE FAHAICRe] 2T ot
a3 EFEAHEZ ik D e A wet AAH 880 tE F Jdoernz A
A BAL olF A|Y3 =S wFHe A 7n], Arle] FAA £F3AHIE HlwslsE Aol &

g2 ot} o] & wWlwste] YERl®E & 6.173 2

of Aol FRTEE EW FAYE FEOR @A ATs JudPsts 4
%, AuE Z7h stgout mRulsh A} 2o hase] ARHOE FFAME 33
%t AP OEA BAN ZANA A" Jee U T & Yok

A7NA BEle AANGECIR, o FFol B Vet R wA I A F
AZA HEEe BAo] AR AW R o] ojx|7] wFoltt.

aRAW BT ©EE By ohuz AAEFe] R AL JANE A
BobAE B Bobd olmz Aue] Fhe EAE Aol gink

9 medlaE Felv 2aYE W@z gold st emdye AeE &3
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AFRI7F 60.6% A7EozZH HZ ZIYE FAXERAE ZHETD Hm 994 d&e &
T Ut
® 617 F2u 29y FH AAAML ¥
B2
9y 38 E Z9 F3dE A7 v&
N ZIBER | _
3 = A2 ZHFOE A AF|  HE=ER Fold 1) = A-B
[e)
(B) ©) 2) = A-C
(A)
] 1)= A5,416,092
3 A (33.5% A3
16,190,685 10,774,593 6,381,026
AR 2) = 29,809,659
(60.6 % A7)
1) = A3,664,458
= H 8,289,089 4,624,631 3,691,926
2)= A4,597,163
1)= A3,264,256
A 2 1) 7,804,976 4,540,720 2,489,100
2)= A5,115,876
= )= 1,512,622
g 96,620 1,609,242 ]
1AL =) 2)= 296,620
3. A3} g¢F

g

ZAYE AFEES oS FEREH FAHE Hlwsty AAL S B4 eE O A
£ 893t o5 2o

(1) FZAH] vHlaA HT ZIYER AT 495 7= & o
E ZEr F3YE EFOE wA AFIeE A= 0%, AASA ¥ ZN2E F
gr Z3YE g AFoE YrRIY e AT 3%t AdEHe A=
}.

(2) ©FAM] BladA ZEIf2E ZEv FIYE EFFOE WA A Ave

7t skRey v el AmRZE A 28F o AHHOR 335%7), ZNEE EE
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v Z3YE IR ol st A9E 60.6%7F AHAEHE A2 EAFA

(3) &4 22 E EF

9
TolH, o] g&Fo] =A yetd AL o] I A A AlE A tEEY 4o A

e
El
é
AC)
td
oy
ol
lo
ol
o
i
of
>
=
=2
X
)
T
rlr
=
>

A ABE o] Fo|x]7] wZo|tt,

(4) ARHom zasre Zeln 2ae AFA B Audd TUSS A4
ZRol A wg felshE, AdEFel tFE g RS B8 wobd ZlolnE &

B3 A4l dokn @ & ok

Aad A&E7hsdt FAYE FEREY Ey B U

A7 = A& ME The FAZE AR ZINE Al HIEe] wi) s HUhEH

o

2MEH7 2 3o}

A A G2 =g oy et Ado] AREEH AL, 247 WiEH 7] diEdl, A

A A e J8E AE NS Ve AR A Aol Bado] HA AxEoh
A w=olAE A2 el AT THed w2 dol FdetH

A, oAU Ae} wEde, YA, AAZEY AR A= 3 22 e A7 o]

FoRT o2 HuM= 4E uke] AF Jhe el ddE AzdHe 2 dFe

U

F o] 7 ks =ojEojl A2 1987l United Nation Organization

¢

oA 24 % Brundtland B iAot} o] BuMds FxE] AL 7Hsde sl 24,
A4 a8a ZIYE 7|9 Ao Abgo] A, A, T3 AAH SHd FHE T

I EAFHAT o] Ruxe v ZIAYESHS], XEWC AWESHS], AT FAE
3], Y 2EY 2 FAYE SH3] FollA xfEstal Agste], Concrete Joint Sustainability

Initiative® 2 Q3 7, £AES] A% sFsAd dia AFeT Uk 2AUE By B

- 206 -



7 Sl A= Strategic development council®] Vision 2020& THE3, FIYE H4 2 B

stth =3 AAY ki) A TIAAE s=E7HA] AT S An 34 238 E T
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N
i}
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i
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E
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e
S Zwel dAw® Fa4e Ha BART olRe shte] ZeAEckld ¥
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fo
fo
P~
lo
ol
fo
o,
o
o
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N,
2
aif)
rlo
ol
i
rf
o
o
o
oL
i
rf
rlo
(ol

A A& AE 7T

I BlSAT BE A Eokll 7E2A ANFrIE Aeta, BEFozs A, A
a8 fFAE o3RH. =Y 7x 84 3 0 FdE Y FAYE Fx=S O3 d

it
il
=)
o
Jo
fz

d 2aYE, A F2 AZE A SAYEE O

Metha, P. (2009)= 2391 A E 725 749 A&7tsd 2d 52 A& 7te<

9@ TxA 4F Qluxet MIVE HE 5 AASL Utk o5 Az o
Uik, me AR A A% B ks AAE 98 A7 G s na
Aol

BRHoZ LZE HUE Y3 o8 7R QA 94 F 293 Ao § FAE F=
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7b ov= A8 AE 3 JduA 2 33F AA A FA (USGBC - LEED Guidance)
USGBCO Al AM&-3l+= LEED(AU A & X187 A AHA)= @A de] 2ola o
o, 7]&9 FxEY A FEE BT FE& Jhesith & 61844 E F Xl
1104 °] TrdelH, 80~1104S 53 FTXELS ZHEY, 60~798S I53 FxELS
Gold, 50~598 < 53 FXEL Silver, 40~49% & Certificated5 22 TZES JF=

H7rstkal e
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Al ZFaL

7HA

%

¥ 6.18 LEED M43 (U.S Green Building Council 2009)

Score
Txisti
categories New Buﬁ:ﬁl:ggs
Construction | Commercial | Core & Shell Schools Onerations
and Major Interiors Development pe &
Renovations "
Maintenance
S“S‘S”f’“”b"" 26 21 28 24 26
ites
Water
Bificiency 10 11 10 11 14
Energy and 35 37 37 33 35
Atmosphere
Material and 14 14 13 13 10
Resources
Indoor
Environmental 15 17 12 19 15
Quality
Innova_tlon in 6 6 6 P 6
Design
Regional
Priority 4 4 4 4 4

stainable Airport Manual v2.1

e Sustainable airport manual was created by the city of Chicago and can be applied from
sign to construction process. From this rating system, 43 trees in the future will be
aserved and 2021 pound waste of soils will be saved. 3980 pound of greenhouse

s and 2020 pound of air pollution will be reduced (Sustainable Airport Manual, 2009). Th
ing system is similar to LEED including Platinum. Gold, Silver. and Certified as

»wn in Figure 4. There are two phases- the design phase and construction phase.

&Y 7 3 Wl wY 2.1 WA (Sustainable Airport Manual V 2.1)

Eo A e o] wlHFYS LEED "WlREH HipPEe A a#y

o
X
7h Fiol 'k sty AAREola, stue A FEeIth
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TABLE 1-SAM Green Airplane Rating System (Design)
Prerequisites | Civil- Civil- Occupied | Unoccupie | Reference
Green Airside | Landside | Buildings | d Buildings | LEED 2009
Airplanes “‘HH_K s a 13 12 Rating
e System:

2-19 2-20 2-43 2-34
20-24 21-26 44-54 35-44 Certified
25-30 27-31 55-65 44-52 Silver
31-40 32-42 66-87 53-70 Gold
41-56 43-59 as-121 71-97 Platinum

MAXIMUM 56 59 121 a7

TABLE 2 -SAM Green Airpiane Rating System (Consuuction)

. Prerequisites | Civil- Civil- Occupied | Unoccupied | Reference
Green Airside | Landside | Buildings | Buildings LEED 2009
Airplanes T Rating

o | ® 8 b s System:
2-22 2-23 2-46 2-37
23-28 24-29 47-58 38-46 Certified
26-33 30-35 59-69 47-56 Silver
34-45 36-47 70-93 57-75 Gold
46-63 4B-66 94-129 76-104 Platinum
MAXIMUM 63 66 129 104

a4 6.17. ZEAE

1= IR

21344 E) o

— T =

=2 7} A

3ol gAke] A7bA sty HriRit BUF Tw

=
2N

|

o] W7t 93te] A WA B 117} ¢} 7}e)

ZH Y 2 wE A AL

ne

O™ Green, 438X 54%

o~
;EI‘_I_L_

HrlE oA, HuHs} 11874 o]t}
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53%= A4

Silver, 55~

A et Ao F7] vlE& HEgo=

< LEED®} T} &

2|2 WA A,

634

AAGE A

)

S
= =

BEo HFH o
2 Gold, 644
He I 6200 Y Stk

ANF) g

¥ 7] X (Chicago Department df Aviation 2009)

=2 H7} Al2" (Green Roads Evaluation System)

REUD, =29 2

0]/ Evergreen o
o]

2 A3 =

s2o A% Holy] WEo] TE
o AgAEe ols) duelE ofA o



¥ 619 187 =& H7} A" (Anderson et al.2011)

Part 1. Project Requirements(PR)

Part 2. Voluntary Credits (VC)

Environmental Review Process

Environment & Water, EW, 8 categories. 21

Lifecycle Cost Analysis, LCA

credits

Lifecycle Inventory, LCI

Quality Control Plan

Noise Mitigation Plan

Construction Activities, CA, 8 categories 14

Waste Management Plan

credits

Pollution Prevention Plan

Low-impact Development for storm
water

Materials & Resources, MR, 6 categories, 23
credits

Pavement Management Plan

Site Management Plan for environment.

utilities

Pavement Technology, PT. 6 categories, 20
credits

Access & Equity. AE, 9 categories, 30 credits

Edueational Outreach- Publicize
sustainability info

Custom Credit, CC, 1 categories, 10 credits

%

6.20 X137 H7} AJ2=wlo] AJF-ALE (Anderson et al.2011)

Categories

Environment & Water

EW-1 Environmental Management System

EW-2 Runoff Flow Control

EW-3 Runoff Quality

EW-4 Storm water Cost Analysis

EW-5 Site Vegetation

EW-6 Habitat Restoration

EW-7 Ecological Connectivity

EW-8 Light Pollution

Access & Equity

AE-1 Safety Audit

AE-2 Intelligent Transportation Systems

AE-3 Context Sensitive Solutions

AE-4 Traffic Emissions Reduction

AE-5 Pedestrian Access

AE-6 Bicycle Access

AE-7 Transit & HOV Access

AE-8 Scenic Views

AE-9 Cultural Outreach

Construction Activities

CA-1 Quality Management System

CA-2 Environmental Training

CA-3 Site Recycling Plan

CA-4 Fossil Fuel Reduction

CA-5 Equipment Emission Reduction

CA-6 Paving Emission Reduction

CA-7 Water Use Tracking

CA-8 Contractor Warranty

Materials & Resources

MR-1 Lifecycle Assessment

MR-2 Pavement Reuse

MR-3 Earthwork Balance

MR-4 Recycled Materials

MR-5 Regional Materials

MR-6 Energy Efficiency

Pavement Technologies

PT-1 Long-Life Pavement

PT-2 Permeable Pavement

PT-3 Warm Mix Asphalt

PT-4 Cool Pavement

PT-5 Quiet Pavement

PT-6 Pavement Performance Tracking

Custom Credit

CC-X

CC-X

- 211 -




g}, st =Edste] A& ALS)HE 2 E H7PYH (Envision Rating System)
o] FrtEE& AFAQD FE BIrt obd, ARE] 7R F2E ANt FiEe Bt
o} AR, AAAR] o]& Hrist=d o] wHHA U

3 6.21 Envision {7} Al 2"l QlojA &2 A4 (ISI and Harvard University 2012)

Section Maximum Possible Score
Quality of Life 181
Leadership 121
Resource Allocation 182
Natural World 203
Climate and Risk 122
Total Project Points 309

N
or
of
of
o
Y
o
:\_l‘
r [*]
™
P>
alfe
:1_1[
™
offt
N
of
o
o
oo
)
I

ry
=
2
E
of
r U
oX
i)
ry
931

% #y A=H

= L

2 g9 ;10709 B7F F=o] vk ' U, AL 7

-

qe, A92e AUA F3, ols) BAACINCIY 1F, FF, 14, w54, 3 A4
of A, AV BH D FA, 7120 FAY e G 25

() Ao ;1470 HAERe] Ytk mAHo W AU, A Fr, A
2

AL, AY Ass, GHIEHAN A, Fdad A A

b

, AsE A, YA &R,

AL s U, oA BF A28, Ao &L AT o] A, Bel aw|,

il

BF AzE 5

(4) A @& Fe A ¢ 150 BrEEEe] A FaoT A4, 4 2™, F
3

=]

us

54, AAA 4PH, TF A, JAE A4, SA,

ol
§t

i<, &%, +d 249, 4

A ddd, add 5, daAdAN B, = 715 74 5

(5) 715t Ad= . g7HAS] WrEEe] du. 24V WE, UL, 715HE,
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= BE5S3le AolFr] HE #4e ZRAES] F HES Frlsted EUSES
2= dAst Ao FEE AdAFrie Af, 2A, 1A, AR, #A, g, S
A Te adste, B3 dibe A= ARET. A8 g AAGA A 22
Eol & AT Wl&s AHst=d M 8% SAloIH. vkt AAW & Hike
AA Alelle FeA 224, dxole vl A Benlge] ¥ A7 9= 7] o
zolth. 59, e we FxE9 Aidde dee 7Ntz 3 AdA(performance
based design)7} o] Fox ok s, o] AWML Al APd Aot 7E2HA THE A
ST THe A ARE ATl Fa AAE oF *vkal Axsta Sty o] AAME A

e Fi AAE ok sk Zelth. oAl Zz=AE

A& AL Thsd dde BEdsiAT
He dUAE RS 5 doh He ZRAEE B, F2EY dE& Afse HY

Aot 2Eu A% A tsd Ade zZzdee] P4 FAss

F[.l_u

SECEIEE
Z2AE A A 2 Bgy 2A0 dss FaRE AoFrle] 2uRE i}
Agsol Atk o W e AY Holdo s Awe B, BALY L& Haw, of
YA ALg Hash A4 ARe] ABE R, g JHed ABE ANAR 5 1

of ZRAE Ao 27| @A AAFH AN FYIZE ST Ve FEE A4
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2 A AA 71 23] (International Code Council)®] Z

=
i

(IgCC)°l AA =7 A2,

stH, 20129 =A| 23H Ad HA U=

ZAQl g

[gCCE

o] zteddl TAl= AIA, ASTM International, ASHRAE, USGBC, IES7} it}

MK

olAe HEeE M= dulolEH IgCC
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3] (Strategic Development Council)
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H7& M X SAAIEAN (21

A1 A AEA (D

1. YHrALS)
7t F&¥ 9

o] #AL FE FEuA AEEHE ZYN2E ZEv FAYE FEA
& (Precast Polymer Concrete Aqueduct Flume)oll thale] 74 3o},
. gojo A

o] FA AH&HE 5L g3 o] o)

(1) Z8 Z38 E (Polymer Concrete ; PC)

N FYHE AFAR = AL ELH 2T A% AYdH de EFAEA 2
ME T3 B2 & O AHolA SNl o At o] Folzint

2) ZYHN=E Zgv FIYE F$=E1 (Precast Polymer Concrete Aqueduct Flume :

0>~
1

FEANA FZF

%
oo
i
AL

FEueo AAHR] 7S A3 TS st (o]t
. &4
o] TFAE o] fFA A&, I 4L I HARS H 83
(1) KS F 2438 I ES] AFAIA S AZA T E ZolFn] AT
(2) KS F 2456 H4%
(3) KS F 2480 Zglox=H #H3 3T E9 JAAAE AL
(4) KS F 2481 ZgoxH #Hz ZIZES ASHAE AT
(5) KS F 2482 Zgol~H #x ZAES 4=
(6) KS F 2484 Zgo2EZ Yz ZIYEL A7 AIT SAHYH

(7) KS M 3015 @733t4d Eet2=Y LdRbA A
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2 A5 9 A=z
(1) =29 FAYEY FAAR
h Ex3 Zgo|2H <A (Unsaturated Polyester Resin ; UP)

—

UP= "3 RXxw(Styrene Monomer)”7} o ~H Z(ester) 2802 T L&A 3
E2ZA &30 £, 983 H4dE& 4 7 v Aolojof g

() MMA Ex7( Methylmethacrylate Monomer : MMA)

@

UPY M= =43 &g, 983 429 MAE fs AEHT, 289 ds5s &
T A= Aolojof gt

(th WAIA (Initiator)

UP7} 7&tst= vl AAAZE Z7EEolok &, &9 7S 25 F e A
ojojof gt}

(ZH A (Accelerator)

A S T3] flE A bEE, 20 e B3 T 5 de Holook At

(7h <A

FAAE FEgol 05%0)t0lolof sta, UPY A3hikgo] FFS wAE EEES
EFekA] &2 Zlojojof Jitt,

(b =A

TAE FFEol 025%0l3olofof 3, £ FEol HFE JEE I Ao RA
tH&el tAd AR Aolojok

1) KS F 2511

2) KS F 2512

3) KS F 2513

4) KS F 2515

Q) A =
h w2

AF AL Aol TR FAWTAHS nejste] ZEv ZaES MIAEE
galoF sk, Aol A AN E e 2] A=, WY, FELe g2 & F
=5 W s AAs ok gt

hH A= AF

o
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) B8 A2 olgH e AREstook 3t
2) A F4, 34, A4 KS D 3504 (HZZAUESE 87 24 A AstsfoF

3) ARSH A=F oo §HoE BAkske A 1 AR &3 U 19 567
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(th 8488 ZANZE AF B4 2 A7t F83] FE

A5 ofof ).
(T 297 a7} folsle] Zelsj2E En 2aE AT o) o] 48 TEE

A 2pE o) oF e,

2. A &
7}. PPCAF 73
(1) PPCAF 1-Span®] Zo]= 10 mEA] Segment 37/NE Z+7; A &ste] Z 7 g,
(2) 1-Segment®] ZolE 33 mZE 3, @A A4 ¥ A= 19 71 2 ® 713

z}
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