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Summary

I[.Subject

Development of (functional) color semi-rigid paving materials for bikeway

using industrial by—-products (slag and stainless steel slag).

II. Purpose and necessity of research and development

In tandem with the announcement of a bikeway-building program which
has been underway as a part of recent green environment-related to Saving 4
Big Rivers— coastal bikeway tourism resources development projects, there
has been increasing interest in each sector of socilety regarding pavement
method thereof. Furthermore, government said it will invest 1,245.6 billion won
until 2018 in building bicycle-only roads spanning 3,114km across the country
and will make the most of the existing roads and newly establish the

disconnected sections in order to enhance the efficiency of investment.

Accordingly, bicycle networks need to be considered even for material
characteristics including beautiful landscape, ranging from new creation of
bikeways, change and supplementation of the existing roads into bikeways to
natural connection with newly—built sections thereof. In this regard, we planned
to develop both semi-rigid pavements for bikeways to be newly applied
through this subject and road paving materials for color folium and thin film
that can easily change and supplement the existing roads into bikeways, and to
develop materials with characteristics that are resistant to salt damage
considering the creation of extensive coastal road networks, especially

regarding technology to be further developed.

Bikeway needs to have smooth permeability and drainage. Its surface that
comes into contact with elastic bicycle wheels has to be semi-rigid or rigid
instead of being soft in order to cause no problem driving. It also needs to
have proper brittleness considering driving safety and frictional force,
especially in general. Given these facts, our developed product comprises
organic—inorganic composite materials having both advantages of excellent
adhesiveness and color revelation which are characteristics of organic materials

and an advantage of high strength which inorganic materials have.

This product that doesn't cause a delamination phenomenon against the



existing concrete or asphalt flooring shows excellent adhesiveness that is
attributed to the same color folium and thin film as materials of asphalt,
causing no separation phenomenon and cracks. The composition made by a
patented construction method is so rapid-hardening that it makes pavement
completed in a short time(2~3 hours), resulting in short construction period and

inexpensive construction cost as an another competitiveness.

Also, this product has more excellent coefficient of static friction of a tire
and road surface than that of a concrete or an asphalt road, so it is suitable
for road pavement for bicycle and is available for both new pavement and
partial pavement. In particular, it is a composition of color polymer cement
paste with very strong brittleness and has strong bond strength and high
brightness, making it possible to develop various colors of materials, resulting
in beautiful presentation of space of cities and roads, and public environmental
improvement by offsetting environmental hindrance factors which the existing

organic series have with inorganic based.

Also, this product can make the deteriorated part partially repaired as
polymer cement paste even without a special manual, make usage period
increased, and be judged as helping reduce cost and improve public

environments, especially by saving maintenance costs.

III. Content and scope of research and development

This research was conducted to leave the basic properties unchanged and
make quality better through improvement of the existing combination(decreased
portion of high-priced raw materials such as micro cement, etc, increased
addition quantity of industrial by-products, adjustment of core raw materials,
and improvement and change in properties of additives). It was conducted to
secure excellent economical efficiency by increasing the substitution quantity of
industrial by-products gradually and to heighten the degree of perfection
through the repeated test. Also, it was conducted to approach
roughness(including anti-slippage) of pavement surface in optimal condition
through the particle size control of silica and to select and combine optimal
organic binder through the composition of materials by condition of inorganic

binder.



Table: Objectives and evaluation of research and development

Evaluation items

Target

Evaluation Method

Flow

Not less than

Self flow measurement of cement

Final set

60 min

270mm paste
. Not less than
. Initial set . . .
Setting 30 min Setting time measurement of cement
time Not more than | paste

Expansion rate

Not more than

Length variation rate measurement of

0.15% cement paste
Bending rupture strain Not less Ehan Bending rupture strain measurement
10 X 1073
Bending Not less than
3 hours strength 3N/mit Bending and compressive strength
Compressive | Not less than | measurement at 3 hours age
strength 10N/ mnt
Bending Not less than
| day strength 6N/ mif Bending and compressive strength
Compressive | Not less than | measurement at 1 day age
strength 12N/mr
Compressive Not less than | Bending and compressive strength
7o) strength 28N/mn measurement at 7 days age
Bond Not less than Bond strength measurement of
strength 2.5N/mrf surface covering materials
Skid resistance Not less than Skid resistance measurement
60BPN

Resistance to chloride ion
penetration(based on
inorganic binder(MT))

Not more than
800coulombs

Measurement of resistance to

chloride ion penetration

IV. Results of research and development

As a result, substituting not less than granulated slag 40%, semi-rigid road
payments were developed based on acrylic-binder ratio 50% and semi-rigid
road paving materials based on acrylic-binder ratio 40%. Target values to be

developed were all achieved and the target values to be developed and their

performances are presented by the following table.




Performance

f
Category Unit Target value sur _ace surface
paving
. pavements
materials
1. Flow mm Not less than 270 280 315
Initial set Not less than 30 43 38
2. Setting time min
Final set Not more than 60 48 42
. Not more than
3. Expansion rate % 0.106 0.125
0.15
. . Not less than
4. Bending rupture strain (e) B - 41.9X 1073
10 X 1073
Bending
. " Not more than 3 3.2 3.5
stren
9 5. 3 hours £ - N/mn
> Compressive
= Not more than 10 13.3 13.3
g strength
% Bending
5 Not more than 6 6.2 6.3
® strength ,
=1 6. 1 day X N/mt
g Compressive
o Not more than 12 18.6 19.2
(rﬂ? strength
= Compressive
= . 0 Not more than 28 28.3 29.2
il streng ,
% 7.7 days Bond N/mn Not more than
2.74 2.51
strength 2.5
8. Skid resistance BPN Not more than 60 65.5 65.1
9. Resistance to chloride
Not more than
ion penetration(based on coulombs 685 733

inorganic binder(MT))

800coulombs




3. Target value and performance of research and development objectives

L Performance . Target |Performan
Research objectives o Weight Results
indices value ce
) Not less )
Trial product 0.1 Multiple Prototype
than lcase
Semi-rigid color road Field Not less Experimental
) ] o 0.1 lcases )
surface paving materials | application than lcases construction
Commercializ Not less
] 0.2 lcase Product
ation than lcase
) Not less .
Trial product 0.1 Multiple Prototype
than lcase
Semi-rigid color road Field Not less Experimental
o 0.1 2case .
surface pavements application than Z2case construction
Commercializ Not less
) 0.2 lcase Product
ation than lcase
Not less e
. Manual 0.1 lcase Specification
Semi-rigid color road than lcase
f . lcase )
surface pavements and Thesis on a Not ness Thesis on a
paving materials ) 0.1 (to be )
journal than lcase journal
planned)
Total 1.0 9cases 8cases -

* Remarks: 1 academic presentation (to be planned)
Patent application: "Ultra rapid hardening polymer cement paste composition

and semi-rigid road paving method using the same".

V. Application plan on the results of research and development

Organic-inorganic composite material to be developed in this research
features superior physical durability and visual visibility, etc.

Therefore, as a filling material of open—-graded asphalt with high porosity or
aggregate permeable cement concrete in order to substitute bikeways made of
the existing permeable cement concrete, permeable asphalt concrete, and color
asphalt materials, etc, industrial by-products(slag, etc) are developed as
polymer cement paste, which will be used as a surface treatment material of
roads made of the existing materials which are deteriorated by surface
corrosion, enhancing delamination resistance and cracking resistance, etc. In
case of surface treatment, silica, etc will be used to prevent slippage, making
it possible to secure driving safety.

Also, as a substitute material in the existing visibility pavement market which



1s competitive and superior In price, quality, and design, it can be used as a
color road surface material of a school zone, silver zone, bus-only lane, park,
parking lot, conventional market, and tourist attractions. Besides a road
material, it can remove problems such as delamination, decoloration, and
friction noise, etc caused from epoxy and urethane packages of underground
parking lots and gas stations, etc and at the same time, it will be used as
in(ex)terior materials related to architecture as a color road surface material

with very strong salt damage-resistant property in the long term.

_10_
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3. -9 AR

AAA 2wl B FAHA AFFEE 4EF A7 Qons, F 33
AHY AAA AGER AUTFR AHA £2 A A 2A AFVNE 1ol

o MrlE AFe] AZFEE FHAT
AR, 2009 @A 2018d7HA] 5 dAR] AAA HEEEE IA A AAA B2

[}

YE A 3,114km, 4th7d FH A-AA =F 1,297km, A=A AAA =2 781kmE, 3F
% 109 F F 5192kme] AXAA =27F AAEE Aol AFATE FAHES A 4
A

T ARAA T2FAF A 3mA(Zo] Im x Z 3m)T £8%HE A oF 1037 Yo
= 2 gsto] obef F 129 #Zo] At AAA A&

N
)
0%
of»
]
o
m
I,
of
ret
ox
>
>,
=
il

E -2 A7 XAEAH E2 AR Mat

(59l W 9)

TR 2000 | 20109 | 2011d | 20129 | 20139 20144
FAFZHkm) | 5192 519.2 519.2 519.2 519.2 519.2
AN TR 53,478 55,167 56,911 | 58,709 | 60,564 62,478
TR 20159 | 2016 | 20179 | 20189 %974 (km)
FAFIHKkm) | 5192 519.2 519.2 519.2
5,192
ANAFR 64,453 66,489 | 68590 | 70,758

ME7lee At AdA =2 By ol A4 2A4Ho] e A =29 AxE
Aoz Abgo] 715 Aog AAHET A7) & 139 wEW 20099 |EoE AT
of ¢F 9,551kme] AHA =27 FEHEH o, FF 1083 7] F5E AHAA =
2o AxAo] o]RojXithE JHA dtell B Z1Ygo]l A J|E E2FA A3
m*(Z°] Im x & 3m)d 8% E FAIQL oF 1487 ol A=¥ E/MSSES vt
P FAHE A &5t FAHE 1A 229 AXHY FA ARTEE ok F& 2
o},
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kH

1-8. 7|12 ANEAH E2 M=zH AME7e oY

T 20093 20104 2011 2012 20134 20143
A2 (km) 955.1 955.1 955.1 955.1 955.1 955.1
A AR 141,355 145,822 150,430 155,183 | 160,087 | 165,146
TE 20154 2016 20174 2018 ZFA%H(km)
A2 (km) 955.1 955.1 955.1 955.1
9,551
Al AT 170,364 175,748 181,301 187,031

A7) FAXE vg o g2 20093 K E AAA =2 FERAYEo] $RFHE 20183 71HA]

ME7lEo] A5 AdA A8== T4 AA AT EE ofdf & 149 2o

E 14 XN™AH MEEZE A|Ee A

GEAE TR

T 2009 2010 2011 20123 2013
ATt = 194,833 200,989 207,341 213,892 220,651
T 20143 20153 201613 20173 20183
A AT R 227,624 234,817 242,237 249,891 257,789

S, A7He o1 FolIL WFALEL o8 AWEY H|F =wsty] 99

A&Ho 2 Mo AEAE e 2 e, 2T WA HEAE FHE A
& SYWA ATESY M o8-S AAT Aoz BA oI FFLS LA 9
olo] thE Hu FHAENAE B2 MEAE o] gjE A0 R HolsH], o
2% BRT A28 g AAIE Tl UEld Ao =2 o8t BRT# WA Ao &
ENEE U dFuSsdoR S5HE HAEFYR, a2 A Fo2 HAA
TFETEE TAAE FEOE P AYE - 18 S HFuFFEOE BRT &
SR Aol Ut =2ote] AEAE 3 A Aol AT HAoE R
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N tl=AHE BRT 307] = 584kmE 75T AY S Al ot AFAFE F4
A3l 5 Aol vFEEE 202008704 vld 38.9kme] BRT AE&E=Z27F 52
o7 JFAsta, Frid Z1de] AN MAHExE FAF Al 3mP(Eo] 1m X

mF A8HE AW o 1938 Uol AEW BAYSES WAH FTAWE

1 O il

IS
>_\¢ o

2~
a4

3l FAHE BRT AEE29] ZAFA AZTFEE ofg E1-59 2
A8 7t AAA 22 9 W AEAZRT ojleg 2FE, FAH, FHA
A ZAANT} QFEE AAe] AATISA o7 z
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v}
oot
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=
"
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oy

o

1 A

o] A

e
H:l
rlo

s F 2

5]

1-5. HATEXNZ A2 & Y

GLAE TR

T 2006} | 20073 | 2008 | 20094 | 20104 | 2011 | 20129 | 2013d

38.9 38.9 38.9 38.9 38.9 38.9 38.9 38.9
(km)

AR 6,845 7,061 7,284 7,514 7,752 7,997 8,249 8,510

T 2014 | 2015 | 2016 | 2017 | 2018 | 20191 | 2020 %(ko‘r—t)%
ﬁgjn:i;ﬂ 38.9 38.9 38.9 38.9 38.9 38.9 38.9 584
AR 8,779 9,056 9,342 9,638 9,942 10,256 10,580 -

ME7ee 53] AdA B2 247 Rof Fol FA% 71E2 AR BRIt A5
g Al 2 37 39 AR B Al g T 9L wEYD T 5

AR AA B QTS APARE ol FHUA A 2
of MASAY. 2 A2 Al 47be 35, Aol U@ FVESe BAZFT} 5o
2 A7 olg BAHE W F744 Aol e Waro F

2009 38o] WARA AAA ol BA FHUAC FPHAUT @A S
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2te] AAA o] SAHHE AHEA 2008 37K AHA o] &AAE I
o] Y& EASt AAA =& 9551kmE AHHIEH oY AHAA ol& FEE HXT
Holth, AAA HIEgEE 166%= =Y 873%2 1/5 =1, &
Eo =Y 10%9 1/8 FF< 12%¢ A2 ZAHJT. =3, AH1A BHa =
13 W AAA o] &43 HlLo] 573% B33 Aoz Yelyes T AHAC

WEFEo R Qo] FE A X3 Aoz HAAG,

ol
=2
ol
—_
N
N
N
5

&
X
kil
oft
iy
v
A

ol o>

& b
&

T -6 ANAH 2 F2 S HlR

A== A}A 7 A} A 7
ap | A e A qaase | gan | UL
(5F o) (% o) THE
g 4,808 1,540 800 9,170 16.6% 1.25
=9 8,249 4,552 7,200 30,000 87.3% 10%
a8 12,778 7,237 8,665 78,638 67.8% 14%
ygde | 1,627 490 1,600 19,000 98.3% 27%

* 2% 0 OECD, ¥+ n&4, A4, d=asd+4d

Az ZHAM AHRH, AAAE S2uEPY A2 HgHa oy 5P
AL AFatel] Fosts & AR AF AP =50 Ui, AA =29] 89%
7 ol ATy AFApl F3t
T WA Aol FEHE T AAA o8 WA-ARZ FH7}F vFd AAHelr A
A ol & A e EWEY, X =

A o]l& HYA Ao mH|EtL, 189 AAA 2= B9 0.62m, WESHE 1.16mol
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ofo
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23 X "AE 019m FEoInh =R, AHA Asee wH], MA AdA ==l
89%7F A A- YA HEERR] A T AJA AEER B AJA AL 7=

T Aoz =AENY. wEtM AREE ol AdA o8 Ao ddAd EAME
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T= 2 F K AHER
HE =

= AIALHS: F2S SiLte)
XFHER WES 72 0|9} 217
5101 HOYE BIDH=M THY S
HIEI=5}

= AJRIH|: 125245691 1 A9 Oflat
(2009~2018)

= JHREISA D 31 14km( = 3m)
SO (7 1= ) — 21 s 2 S;
—FgdsSE—-2 L2
—HSR e S
— O (EFE)

ATHZ 7 XEEAHE

OS] AR
= AMRLHE: ACHZIE T2t
T, NEHER A=
= FHEEE A 1297 k(= 3m) (et s KPR e o GUA|)
B2 WO ~ 2250 31k ACHZE &2 7] AFRIO)

g =2 SIS ~2HSH 519m 28 FE(2009~2011'H)

&) FAZE SIS~ S22 212km = APRHH|: 03621 &

) =2 StS=~ AR 255km (EAPRH| 14= R)

< AR FES PR

g 12, d= AWA T8 E2 A

AR, A= ARAAEE HEHT FFAYFLE it dFok HAABAS AdA =25
AA3t= st MER FHete] AAAE GEE AHA 229 ASAS FREta
AL Bk Alg ot A 71z 20091 1€l A 2018 12€0] ™, AFYF

o} 127 A= 807 AlETE C4be] FAHRZEL 70%°1th AdTEE F 9%
3,114kmeo]™, ZF 1% 24569 9] d4hS FAE A golt.

MNEF~Z2E PFRuE 7[Ho2 Add A3t - dd 5 - Bk dlet—> A5
g - 2 1A SIAGY - FFa(FH)old, et dF9 HAAG AHA

T2E WAEE "ESIsta, o9 AAZ AAAE AA}E AAAEZ HEYA
A
A5 AQgdqty uER0YS AR AY A 2009FFEH 2012W 7k Hd

1,2459 ¥ F 49809 Y& A=Esle] wjd 2,067 n&aII} A& AOE HA
ATt AFEEE 4R =] 70% 9 AW 30% 2 F9E o Aotk
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F1-7. 92 A0d 2 1200
(&9l o o, 1)
2009\
T A 2010 2011 20123
71= F7t

= H](%) 3,485(70) - 872 871 871 871

= | AEEN(%) | 1,495(30) - 376 374 374 374

A WzH%) - - - - - -
A 4,980 - 1,245 1,245 1,245 1,245
e 8,268 - 2,067 2,067 2,067 2,067

* 2005 AEAEF ALFLAT(EA-FT2H)HE : 1668 /109

* A8 PHIAR REAR

EA, A AAA =2 FEAFeR 407 ANAIG A A 2009 F F-E 20187t
A ANF (S, G5, 574, A7) SHAG Fdel FAF 1,297kme] AHAA A&

st = Aoln, oF 9369 ¥o| dite FAL Aoz v

T 1-8 4t defd XpEAZ

o
- A % (km) ey .
7 Agolg | meRA | (19

A 1,297 1,024 273 936

EiAs 311 311 - 224 ddd-S+F9
9G54 519 393 126 374 shd-qks

=74 255 215 40 185 stTA-t g 9
BAHE 212 105 107 153 stTA-FSH

2009

g AHESHE ZAAE Azt Aol wel 29 I3y v B



5 al
AFE717Ee] SUE HE £ o] FAIRSFHE AP 2 FFEAE A =8 =
T AS Aoz JgET. gk doz AMdAgAH AHAA T2 Bt olygt A
FZ5o] Q= 9551kme] AAA =2 fARF I Fo% A&Ho g WAy
RO g2 oAdATh
E1-9. 8= AIMAH =2 sE
A= 24500 | €% (km)
o8 km
A 3745 9,550.66
e 414 737.96 o 'm-"” L
FARA 112 533.42 zﬁla-a L
| ‘:lq.m E‘\I 1=
A 189 535.94 oy HESEA ‘
Z M=
AZ A 142 268.19 e
&5 88 130.13 |
L | RALM
o) A A 190 489.84 | mfﬂaz |
S AFA] 101 250.58 T caﬂ43|m| B
A7 = 819 1,750.87 T |
AS A 183 699.80 MBI oy,
FARE 193 646.71 =S me |
FAYE 337 529.24 *f#,i = At L; T”““’“ﬂ“*
L g,
AeE= 265 625.88 |
Aehd= 240 661.28 e
%%}ETE 220 59126 <8 I AW TFHHTE AR e
Ad= 233 1,063.36 i
A TF= 19 36.20 HFE

* Zfe: BANHAE AAA =
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F 1-10. MSAl XA H =2 o|S8AIM HH| of

(9] gk

£

)

A= A 98 ‘99 2000 2001 2002
2 d4t 75,633 2,687 2,198 400 1,200 2,580

A= 2003 2004 2005 2006 2007 2008
49 o4t 2,045 7,641 7,124 5,721 14,527 29,510

M7 Fo FaNFA AAA S2 9o 712 AU LA AgHE o
s AgRE, 22E, ANE, 3Y, FAE 5ol 480 bt 58, M HeA
2o A AUEERE ¥ ofyeg AKEE HEAE I Frkskal 3, F 1-11, 1-129]
A mE kel 2ol A A% Wz AeAE T2 9 FIHAUE 42 Titol
oful zAHol glol, FF AFE AAHE Wa AEAR @ JE F2 BF ol
Bl gr)eel A8 & 9 Ao Ak ¥W, ALA EARFERS BF

2
DEAN Fo W HEAE ) AX A wr=d, 2010474 127 =4 117.6
3o

S329 Z$% BRTO EETh 20099 = Es) g4

o mEH, A, 37, dH T F=dEF tid, dT, B, &4 FF 5 A= el

i =AlEel 20208 7bA] BRT 307) & 584kmE T+ AL Al$x ot =44
WE7&H 7Y 'BRT AAAAE AFEIA 0| @2W BRT =2 X4 A

A FEE F AEE FHELS sSHAY A4 T2 EHdes Zlo] v E Ao

2 Ued ok wets FF Bqusie] d4lo] HE BRT 75 Al H7iod7& 9

_‘?‘_
Hgo] s AoE KT

e
[-'E
2
f
o

2
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E -1 M2A A M 8AR 77L
(H1: km)
=] ,95 7 7 7 7 7 s s ’ s ’ ’
T7 ol | 96 | 197 | 798 | 99 | “00 | ‘01 | ‘02 | ‘03 | ‘04 | 05 | ‘09
3970 | 5970 | 6370 | 6270 | 6170 | 6070 | 6070 | 607N | 6470 | 6670 | 6870 | 737M
Ap AR | TR TR | | R R | R | 7R | R | R | 73
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ul AP A ANE LAF kAW FAY o o sekA L L dYHE
A7t £% wAstel Erolt TA J1E AWe WA He A3 wAsg.
Wetd oldd MAT FFE =

Al mAR F71e AdAde FA st 74 IS AFAIE o 98s T

o

WE AE Az 24 9dskel A8 £AAE AesAT B Avel AdeAE o
MHQ AWMES] A3 £AAR 9 AgHE WA BN PF BT ASHA

6.9 ola8 47

ofrBES} e golaAl su AFH W AEE FA87) A Ay ojaY

filo
>
ofo
ok
32
o

o, B A7 APAAE Acylic Emulsion Copoltmer 4 High
Solid Type ¢] Core Cell o2 754 A HAAH 84 ot2de A&
o] A& Acryl Emulsion ol 17]eAd <= ot F5 B Ao Ve
FAAZHT FA 1A B FAAH Y Tl TES SAANAY. B} AAA =

224 9she] ofxBES ] HAYN oo UF AFHL FUAL AFoE

T (%) A% (CPS) PH
FT-507LR 25.0 5 8.3
FT-507LYO 27.5 10 8.4

*H%E : RVT #1 10 rmp(at 25TC)
SRR GEART] 135 + 3(C) 405
*PH : PH meter( <)
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6.10 TFAF

FAE U AR A0 BAS AgSQon], 22 AUASRS gol 4
WA 753t hdAel BRF Aol vaH ne YEEIA,
7EE AEST MAR eI e FUPRRL 554 9FE Ao,

A7LE AW WEe w2t

u)

A sgo] Hx vl

falt:)
fol

o)

m

I 3-16. A HIHE A" 2ot

MESH | 7 45 #6
(mm)

4| 475 00| 0.0% 00|  0.0%

8| 236 00| 0.0% 00|  0.0%
16| 118 | 2086| 41.8% 05|  01%
20| 085| 2657| 533% 125|  25%
30| 06 241 |  48% | 1480 29.6%
50| 03 02| 005%| 2409 | 482%
100 | 0.15 01| 0.02% 682 | 13.7%
200 | 0.075 01| 0.01% 28| 4.6%
PAN 02| 0.03% 71| 14%
& A 4989 | 100% | 4999 |  100%

6.11 fr71ukld

2 A A FrrE AT dAY =2z A ofmd A thiAl AR EH AT B4
(latex)’dEfoll Al ZE = HFolA FfFshes 712 Z8H dA2Z 7480, o] 712
9 dAs 2719 2me] JA BEHE FASH 2zdo] Hx HFHE AAHA
°F80~100/me| & AR FAHAT °] dAS FWol A Aol el F7|t HE
g F JEF F7]4 anti-caking powderE FE Tt} ©] Redispersible Powderd] =

2 oA 7SR oAl B4 JEE k. 38 dole 5437 AU4 AM 5
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PAV23 PAV29 PSB150
A e PVA-VeOVa PVA-VeOVa SBR
S A EA A PVOH PVOH PVOH
Anti-caking agent 12% 12% 12%
O T | ~80um ~80m ~85.m
BT R >98% >98% >98%
54 FE iOdFi)i};i;g Higl};r;e;i:;nce Heat resistance
AL E 50%
HALEIHRE ~5C ~5C ~5C
pH 5~6 5~6 5~6
Brookfield Viscosity, 200~400 200~400 200~400
50 rpm, mPa.s
YA 2/m 2/m 0.15¢m
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Azl AEH/ME AT CulAl
(10% ) o2 X &ate= WA o= Aldgsd om
g3t weA ERuAAE FI)A
40%l 3ste] EASIA 71EF A At (BHETREE

= w7]%3 v @)

oo

= 7l

i

Hirled @<s] sAsd1sE SAF
=

I 3-19. i At

1‘%0 2(:]' Z] 2k 3
:rUj W/B H‘%‘Méo(kg/m)
: (%) D R = R T A T
Cement
BA7E 25 410 575 739 328 0
o ¥ =3 25 410 573 82 328 655
*B=]JKR H}IT]+Micro Cement+ 54 1+FA| &2 1
(1) SAAZE) KS F 4044’-04
23 MEER 7|
=4 63 30 ©|%
4 85 60 ©]3}

(2) ZZ(mm) KS F 4044’-04
T 1 2 3 & 71 | NEERE s
Z22 280 270 276 275 2250] 7 300420

Ax 22 ZH

(B) $EZ=N/mr) KS F 4042-'07

28
T 3lE(N) 7%= (N/ ) 1t 7%
1 69280 43.30
2 67360 4210
3 62080 38.80 39.9 20.0°1%
4 62560 39.10
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60000 37.50
6 61440 38.40
A E=(N/mr) = HASFF(N) / 1600
@) 7= (N/mm) KS F 4042-'07
28
Fu 3HE(N) 7= (N/ ) 3 ¥+ (N /i) 71
1 3205 7.50
2 3634 8.50 8.2 6.00] 7
3 3634 8.50
B =(N/mr) = HHsHE5(N) x  0.00234
(5) F27=(N/mr) KS F 4042-07
EEx
TH5 3H5(N) 7+ = (N/mr) B 71E
1 3595 2.25
2 3754 235 2.2 1.00]%
3 3387 2.12
2WNtE 3 RS
TR S )) 7+ = (N/mr) e 71#
1 2360 1.48
2 2104 1.32 14 1.0017%
3 2307 1.44
B (N/mri) = AHEEN) / 1600
(6) Zolst&(%)
28 71 MEx 7e
ZolHshg 0.04 0.15°]3} 0.15 ]}
AL dolHstZ 472 J3
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(7) Fg) KS F 4042-'07
TE AEFA@Q) | HEFA@Q) | FFE@) A 71 &
1 4093.20 4101.80 8.60
2 4162.50 4168.80 6.30 7 20.00] 3}
3 4148.10 4155.60 7.50
B) E5AF(kg/ mh®) KS F 4042-'07
TE 1 2 3 D i 7=
=5TAT 0.044 0.020 0.040 0.035 0.50]3}
HE2] E(m) 0.075 2 (m) 0.01767
7 (m) 0.005
11 AlHE dlo]H
A ZHE A ZHE) Al ZHh) | AIZHV ] m[g] m[kg] m[kg/ m’]
0 0 0.0 0.083 1454.70 1.454700 0.00
1 10 0.2 0.408 1455.20 1.455200 0.03
2 30 0.5 0.707 1455.40 1.455400 0.04
3 60 1.0 1.000 1455.70 1.455700 0.06
4 120 2.0 1414 1455.90 1.455900 0.07
5 180 3.0 1.732 1456.20 1.456200 0.08
6 240 40 2.000 1456.40 1.456400 0.10
7 300 5.0 2.236 1456.60 1.456600 0.11
8 360 6.0 2.449 1456.80 1.456800 0.12
9 480 8.0 2.828 1457.10 1.457100 0.14
10 1440 24.0 4.899 1458.20 1.458200 0.20
0.2
0.1 y = 0.0443x + 0.009
R’ = 0.9968
0.1 7
0.1 7
0.1 7
0.1 7
0.0 7
0.0 7
0. O T T T T T
0.0 058 1.0 1.5 2.0 2 5 0
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AZEE) | AR AZHh) | NV m[g] m[kg] mlkg/ m’]
0 0 0.0 0.083 1445.50 1.445500 0.00
1 10 0.2 0.408 1445.80 1.445800 0.02
2 30 0.5 0.707 1445.90 1.445900 0.02
3 60 1.0 1.000 1446.00 1.446000 0.03
4 120 2.0 1.414 1446.10 1.446100 0.03
5 180 3.0 1.732 1446.20 1.446200 0.04
6 240 4.0 2.000 1446.30 1.446300 0.05
7 300 5.0 2.236 1446.40 1.446400 0.05
8 360 6.0 2.449 1446.50 1.446500 0.06
9 480 8.0 2.828 1446.70 1.446700 0.07
10 1440 24.0 4.899 1447.20 1.447200 0.10
0.1
0.1 7
y = 0.02x + 0.0073
0.1 7 R® = 0.9844
0.1 7
0.0 7
0.0 7
0.0 7
0.0 7
0. O T T T T T
0.0 0.5 1.0 1.5 2.0 5 0
3 Al Blolet
AZHE) | AZHE) | AZHR) | ATHV m[g] ml[kg] | m[kg/m]
0 0 0.0 0.083 1443.90 1.443900 0.00
1 10 0.2 0.408 1444.40 1.444400 0.03
2 30 0.5 0.707 1444.60 1.444600 0.04
3 60 1.0 1.000 1444.80 1.444800 0.05
4 120 2.0 1.414 1445.20 1.445200 0.07
5 180 3.0 1.732 1445.40 1.445400 0.08
6 240 4.0 2.000 1445.50 1.445500 0.09
7 300 5.0 2.236 1445.70 1.445700 0.10
8 360 6.0 2.449 1445.90 1.445900 0.11
9 480 8.0 2.828 1446.10 1.446100 0.12
10 1440 24.0 4.899 1447.10 1.447100 0.18
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0.1
1 y = 0.0404x + 0.0123
0.1 5
R® = 0.995
0.1 7
0.1
0.1
0.0
0.0
O. 0 T T T T
0.0 0.5 1.0 1.5 2.0 2.5 0
9) 5715%F3AFA[Sd(m)] KS F 4042-07
T 1 2 1t 7|1=
Sd(m) 2.45 1.63 2.04 20] 3}
W2 E(m) | 0.050 A& (m) | 0.00785
77 (m) 0.005
25(70) 234 | AHEE(%) | S AHPa]
ANE 9 23 50 1170
e AIZE | t[h] m[kg] | m[kg/m'-h] u Sa(m)t:5mm
0| 2010-02-24 | 16:00 0.60497
1| 2010-02-25 16:00 | 24.0 | 0.60505 | 0.0004244 | 367.57 1.84
2| 2010-02-26 | 16:00 | 24.0 | 0.60512 | 0.0003714 | 420.08 210
3| 2010-03-02 | 16:00 | 96.0 | 0.60536 | 0.0003183 | 490.09 245
4 | 2010-03-03 16:00 | 24.0 | 0.60542 | 0.0003183 | 490.09 245
5| 2010-03-04 | 16:00 | 24.0 | 0.60548 | 0.0003183 | 490.09 2.45
7 | 2010-03-05 16:00 | 24.0 | 0.60554 | 0.0003183 | 490.09 245
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n= 1170/ (1.5*1000000* A AItS  F71FHAZFAI = FA) = 490.09
Sa(m)= Wt = 2.45
s AZE | th] mlkg] | m[kg/m'-h] u Sa(m)t:5mm
0| 2010-02-24 | 16:00 0.60339
1| 2010-02-25 | 16:00 | 24.0 | 0.60345 | 0.0003183 | 490.09 2.45
2| 2010-02-26 | 16:00 | 24.0 | 060355 | 0.0005305 | 294.05 1.47
3| 2010-03-02 | 16:00 | 96.0 | 0.60386 | 0.0004112 | 379.42 1.90
4| 2010-03-03 | 16:00 | 24.0 | 0.60394 | 0.0004244 | 367.57 1.84
5| 2010-03-04 | 16:00 | 24.0 | 060403 | 0.0004775 | 326.73 1.63
7 | 2010-03-05 | 16:00 | 24.0 | 0.60412 | 0.0004775 | 326.73 1.63
p= 1170/(1.5*1000000* %A At F7|FHA A 5o F7) = 326.73
S¢(m)= bt = 1.63
(10) @ 4o] 23] FA 34 (coulombs) 721 KS F 4042-07
T 1 2 3 H 71& NEERE 7%
k| 705 599 691 665 . .
= 5 22| q0000]5 | 8000] 3
T2 579 831 917 776
11) HLZgd Ad + S =N/ mr) KS F 4042-'07
T 315 (N) 7 = (N/ i) 1t 7%
1 38670 2417
2 45480 28.43
3 35610 22.26 .
A
4 37770 23.61 248 20.0018
5 40290 25.18
6 40440 25.28
FSFHFE=N/mf) = HH3HFN) / 1600
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(12) W8 A 5 EEZ 5N/ mr)
T 3} (N) 75 (N/ mr) 1t
1 56250 35.16
2 48510 30.32
3 44310 27.69
4 45210 28.26 296
5 53430 33.39
6 36330 22.71
HSZEN/mf) = HAsFFN) / 1600
U4k (5% FHAF 28U H A F)
(13) 43434 AP (mm) KS F 4042-'07
T 1 2 3 1t 1t 71%
1.45 1.78 2.05
1 1.66
1.39 1.25 2.01
1.99 2.01 1.25
2 1.71 1.7 2.00]3}
1.87 1.80 1.36 =
1.60 1.55 1.80
3 1.68
1.80 1.60 1.70
(14) F71A = T2 8 (Darcy 2] HH)
T Al (cm) 3% (MPa) A2 571 % (ml) 3+t
1 3 0.4 40 500
2 3 0.4 62 600 666.7
3 3 0.4 80 900
(15) WA KS F 2813-01
A 6\‘__4( ;d [¢) A 7‘5‘:4' 50 A 2ko
T 1w TR T Bt
A F(mg) Z =¥ (mg) H 3} (mg / mir)
1 108574 108306 2637.27 0.10
2 110705 110554 2637.27 0.06 0.1
3 121404 121209 2637.27 0.07
* 5003] 7, 35 530kg
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(16) sZ2GMAIFA KS F 2456-'03
T %57 (Hz)
T 0 30 60 90| 120| 150 | 180 | 210| 240 | 270 | 300
1 2495 | 2190 | 2150 | 2070 | 2065 | 2060 | 1951 | 1866 | 1864 | 1862 | 1861
2 2460 | 2190 | 2140 | 2065 | 2060 | 2055 | 1843 | 1636 | 1551 | 1539 | 1531
Bl 5 BFAAT(%)
T 0 30 60 90| 120| 150 | 180 | 210| 240| 270 | 300
1 100 77.0 74.3 68.8 68.5 68.2 61.1 55.9 56.0 56.0 | 56.0
2 100 79.3 75.7 70.5 70.1 69.8 56.1 44.0 40.0 39.0 | 39.0
5 T3 A 4=(Nc?/No?)*100
Ne=C Ato] 2ol A o] M@R5e| 13 35 E5(Hy)
No=0 AtolZell Aol MagA5e] 13 39 2 54(Hy)
0 30 60 90 120 150 180 210 240 270 300
B 100% | 78.1% | 75.0% | 69.6% | 69.3% | 69.0% | 58.6% | 0501 | 0.478 | 0.474 | 0472
EEAA 0% 2% 1% 1% 1% 1% 4% 8% | 11% | 12% | 12%
0 30 60 90 120 150 180 210 240 270 300
ks 100% | 78.1% | 75.0% | 69.6% | 69.3% | 69.0% | 58.6% | 0.501 | 0478 | 0474 | 0.472
EEHA 0% 2% 1% 1% 1% 1% 4% 8% 11% 12% 12%
qd T BEAT 60%
1 cycle 186 |4t 5 9445 | 58.6% |
2 cycle 171
DA ZER (MT 60%+ =2 1 40%)
120.0%
——AlH 1
—a—AlH 2
100.0%
80.0%
60.0%
40.0%
20.0% === == o= oo m e m oo
0.0% 1 1 1 1 1 1 1
0 30 60 ) 120 150 180 210
=A sl sl (cycle)
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o8 FA(MMA FA)= Acrylic?t Methacrylic Acid Easter® @338 E A
A olF B4 AFE ZEE TE REE FARZA WA 2 e, dEkstd, Wint
24, UV &R S0l HoluA d& 3 74, "= SolAe wdxAge A 2
FE GRS 5 Odt £52 85k o

o
[\
i)
o Lo
N
rlr
ified
2=
1
o
f
ox
ot
Ib
o,
2
Ll
X
)
ok
£
!,
ot
>
N,
o
PN
i
QL
rlr
=
ox
ot

bAY FAL o 2HZ, o}, WE AL 2T WA FARA A DA
M Asshe FAC STk WSy A9 sotd GBS 5 B

AHC=OTEE 2 Zoln o|dF AT WsAo] FHshn Arhgol
$¢ Yoyl doky YA Utk oA ofEk WY FA AR vee TF
shelok stz QAlZIsh AAABA 3 AA FAol Brke At 2 oM e B
th &, oka® FAAE ARAT By FYEFHE FEY + AT @

L2383 R ‘olad FAE A HjFA ol ATBE ZHTEQ

s
T
olo
ox,

B Aol ALgE olAYFAE PARY] BAIF(FT-S07LYO) ot2E FAlolH, A&

REZEZ i) HA 40% o, AALES aElste] A 60%clstrt uhE
g Ao E et HiRIY tiH] ot ¥ FAE 40%, 45%, 50%, 55%°] BIE&E 77}
Ao g3ttt

_92_



11 24 E& AvE m=g=2 AF A3

I* 4-1. ZE2EE ofd| o3 8 X s gHAte

o912 2 F(kg/m’
] A/M ﬂ 8 3(kg/m’)
7% . JKR Micro
(%) ol=Z ¥ A #5 #6
HIRIE | Cement

#1 40 530 403 456 201 247 106
#2 45 560 378 428 189 232 100
#3 50 586 357 403 178 219 94
#4 55 610 337 382 169 207 89

SAMAEMT) MFe S2xgAs FAT NPl HU44 FAE SAskel F
g 2% o2 A A@eAT.

off

ZE2 APS KS F 24769 A|@urso wel Agstat. I8 413 Zo] EEEE

olad ;A= AFPRo| 275%=E oF=
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I 4-3. F7|HielH RE2Et=ef Mg HE s gAtE

. A/M 2 %@é%k(kg/mS) -
%) o Slag JKR Micro T R
BFIT | Cement A3

A-1 40 529 0 347 446 198 331

A-2 40 529 132 301 387 172 331

A Type | A-3 40 529 265 255 328 146 331
(MT1) A4 40 530 397 208 268 119 331
A-5 40 530 530 162 209 923 331

A-6 40 527 659 115 162 66 330

B-1 40 529 0 377 426 188 331

B-2 40 529 132 327 370 163 331

B Type B-3 40 529 265 276 313 138 331
(MT2) B-4 40 529 397 226 256 113 331
B-5 40 530 530 176 199 88 331

B-6 40 530 662 126 142 63 331

C-1 40 529 0 406 377 208 330

Cc-2 40 529 132 352 327 180 330

C Type C-3 40 529 264 298 276 153 331
(MT3) C-4 40 529 397 244 226 125 331
C-5 40 529 529 190 176 97 331

C-6 40 530 662 136 126 70 331

712 NES B3l REEE din] ofmadFA Y] HAH S 40% = AU dH|
NEL B3 AAHE MT1, MT2, MT3 3712 wjg o2 FTEa 1 AHES} zhZA]9 H
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3. WM =2 HA 3 AE
31 A3 AY
T 44 dd EREIN NI AEAE
g 2 A 49 e B FF
A/M(%) 1 40
S 1 A 2HE(%) 1 40
F718k1Y 1 MT3
C:S 1 3:1
v AL SR ZZ(TC) 1 20
6 F53HA(02%, 0.4%, 0.6%, 0.8%, 1.0%, 1.2%)
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718k A7H
3 | AAA0.03%, 0.06%, 0.09%)
1 23 A(0.05%)
frE 54
=4 S -AEZEE
e 54 S sean
SAANZA, T2)
.701-_1,:_5@
SZALE - GEAEN/mr) 347 19, 79, 28Y
733 el 54 4 - FAEN/mr) 3AI13L 1, 79, 289
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1 40 526 592 395 329 1.5 0.09 0.02 0.09
Al 2 40 526 592 395 329 1.5 0.09 0.06 0.09
3 40 526 592 395 329 1.5 0.09 0.09 0.09
1 40 526 592 395 329 1.5 0.18 0.02 0.09
B 2 40 526 592 395 329 1.5 0.18 0.06 0.09
3 40 526 592 395 329 1.5 0.18 0.09 0.09
1 40 526 592 395 329 1.5 0.28 0.02 0.09
c | 2 40 526 592 395 329 1.5 0.28 0.06 0.09
3 40 526 592 395 329 1.5 0.28 0.09 0.09
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Al &AL} Zﬂlol]ﬂi}‘%(%)
W wk =23 (ng)
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. ) 2314
e e
“H3HE ol FFA &4 (Coulombs)
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41.2 At
o -
) A/M 9] &2 A F(kg/m?) TTO AR | £AA | 2%A)
Cig=s ) = . . .
(%) of= ¥ MT3 Slag ZH=A (%) (%) (%) (%)
A-3 | 40 526 592 395 329 1.5 0.28 0.09 0.09
42 @A}
421 ZA &2 A
T FIAIZHE) Z 2 (mm) SANZHE)
| oo A =7 43
ZA Fe A 214 280 280
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I 5-3. Frlvteltiet Ao X2 vy 2hAte

. A/B @9 &2 A F(kg/m’) .
(%) - Slag JKR Micro By
IR Cement

A-1 50 592 0 414 533 237

A-2 50 592 118 373 480 213

A Type | A-3 50 592 237 332 426 190
(MT1) A4 50 587 352 311 370 164

A-5 50 583 466 291 315 140

A-6 50 578 578 272 260 116

B-1 50 592 0 450 509 225

B-2 50 592 118 405 458 202

B Type B-3 50 592 237 360 407 180
(MT2) B-4 50 592 355 315 357 158

B-5 50 592 474 270 306 135

B-6 50 593 593 225 255 113

C-1 50 591 0 485 449 248

Cc-2 50 592 118 437 405 224

C Type C-3 50 592 237 388 360 199
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3 50 588 706 471 1.2 0.18 0.06 0.06

- 137 -



Ko
7/

i\l

300

250 [-=====mmmmmm oo mmm oo

200 f-=--mmmmmmmmmmmo—mom oo

A-3 B-1 B2 B3 C1 C=2 (C-3

A2

A1

mp

Pl Z=Hof

=2

aE 5-19.

=i}
=

AR

bol 3AI%F g%

2335

AAE BT A

3AIZE FHoll Al

ke
T

=)

Nr
]

70

Rt

Bl

=

Hell T4 ¢F 3mm7}t

-
st

on) AWE FHo|~EM BFL S Ao &

FA

Fof Hlws

i3

&

{7}l wek A, B, CE

1
| .

BEFS B AAA

o T"eA HZol

|
—_
file)
o
X
)
W

)

19 520, 5213 o] YElytt)

L
) .

N A

10N/mri ©]2, A3 19 12N/mr o124, A3 7Y 28N/mi ]S A-2, A-3, B-2, B39

- 138 -



9o m, A-37F 312N/ mi= 7H =3kem™ A3 > A-2 > B2 > B3 &%

3

T B

A EE B2 Wl

2:5-_]__

f9om A8 F A29 B27F 24

J

wEa o,

o
=

|

——B-1
—&—B-2
—&—B-3

35

——A-1
—.—A-2
——A-3

15

10
5

30

25

20

15

10

30

25

20

15

10

35

30

25

20

5

10
5

30

25

20

15

10

=
(!
%0
KIr

- 139 -



——A-1
—|—A-2
—&—A-3

30

25

20

15

10

—A—C-3

15 20 25 30
M ()

10

- 140 -




324 ZAo|H3}&

A Al

ok

A
M A 239 ES AAH(A-2, B2, C3)dte] Zdoldles AT AP
< KS F 24240 mz} dAst o Ay 7, 289 Aolystss SHsA
A A Al AR Z Aol flo] AL Mg Y-S BT FAT|Ite] AARE S
2

= do|Hztee 4

i

EWE A B C TodA & 54 2 = 549 A A7t

-0.005 F-{ [S---- ---- =
—0.01 F-1  RSSH---A ---- =

-0.015 F-1 -1 ---- -

-0.02 F-fF===--- - - - - ——- - -1

—0.025 F-{ t------4 - ----—-F - - -

A ANER ARE EUE A, B, C FollA 784 B} A7 7HE =4 42 A
9(A-2, B2, C3)ste] W74 Alds AAskith Ald 52 WrtRA @A
n 1A Aol ol 19424 VI IIAAZAE SAHAE 7, 28¥) Aot

Aol A B0l B BFd C BFY2 FA7IZo] Aol met vy AgAgol T

o
o
o
>4

AHRot A BYE 23E Pasts Ao Ushgth o= WEAP o3 Ew
o A7t EAHAY] WEoE YAH WS GIHAZ Aste] A EAS
o Ao BAYl 4D Aoty BoHth 1uY AFHL A2 > B2

=
3 o2 Aol A YEYT. WrlR A3AH LS 0.03~0.05% =2 A5 TF

- 141 -



80

70

60 [

50

40

30

20

10

a3

4 R E2ERA DA

411 AEA S

0.06

0.05

0.04

0.03

0.02

0.01

0

B-2 C-3

A-2

8 5-25 otz EH Zot

g 2 A AR Ay 2 &
BN 100
ull gHAkat
HWIANE or & | 50(HFAIE)
27 ¥ A WE e =/ I I
SAANT (2E, T4)
74 =578 (N/mr)
S gdEAE (AR 19, 79)
733} ) - BAE (37 19, 79)
- BARE (RE/WNHE)
AR oWl &(%)
YR (mg)
4t FF2%) (4, H=F, 67F 2F, $2)/VOCs TFH%)
2 A
A I
H3}E o] FF A3 (Coulombs)
&35 4134 (nm)
WoFEA (WAakd/ueZeE B/ R4)
412 APugt
o9l -2 4 F(kg/m®) e
] A/B ¢ S elkg/m _ QA | EAA | 2EA
Rl o ShA| y o o
( 0) ol3dY MT3 Slag (%) ( 0) ( 0) ( 0)
A-2 50 588 706 471 1.2 0.06 0.04 0.06

- 142 -




421 2R X2
T F3FAITHE) Z 2 (mm) SAANZHE)
=224 38
0O A}
=4 &2 dH 10.3 310 320 =2 m
422 73} g
TR BEEA ZHE | (W] 2
347k 185 1007
&7 = (N/mr) 1¥ 25.7 120)4
7Y 28.9 28017
3N ZF 4.2 3014
7 =(N/mr) 19 6.7 604
7 7.3 -
B 27 (N /o) B5E 2-ys i
27 5= (N/mit 2 50| AHEZE
e 254 1.63 )
3Y 74 28
Ao 3H-&(% 0.15°] 3}
= &%) 0.067 0.092 0125
423 WT+5438
T Y E4 H] 3L
F 2813
Wol =2 A (mg) 589 ,(KS 8 _)
(3 1,000g, 1,0003] %)
1] 1153 #1333 (BPN) 65.1(7N S E X 60073 KS F 2375
H3}Eo] 3] 434
R 733 =2 800013} KS F 2711
(Coulombs)
FEEE 23 TA "7 ol~EE U F 493
5852 3 () = - = (Ks_ D?
0.39 0.31 0.68 2.00)3H(ZEA)
A4 yeze A IR
WekEA (54D KS M 6030
o138l o] ¢Sl oSSl
23 Il=F 67} A2 % VOCs &3
4t F54/VOCs - - - . .
AES AEHS AENS HES HEY S
At F24/VOCs: =4S [A A TY ks A

- 143 -




- 144 -



43 AgAd A A

IENSR XNE SEIA 2012

Institute for Advanced Construction Materials

oo imHTELLTTA

200-701 A= FHA sAHS Zcishl

Tel: 033-250-7283, 7285 Fax: 033-242-2095
E-mail: rrc@kangwon.ac.kr URL: http://rrc kangwon.ac .kr

wgws: 4l ETC-2011-7-2% page: 1/1
ANa R A A
A g 9| 4xaE
g £2 AL
m A Wl
Al B 9 5 lueld BEA Al g KS F 2476
REEER A d A F A 5 & 2dlgl 263-2
449 | 2011d 79 49 A4Ws | A ET -7-2%
A" g A | 20119 78 49~2011d 7€ 299
H] ol
Al a4
o= PN A B 3
(N/mmr) (N/mn')
No.1 134
3H No.2 13.2 133
No.3 134
No.l 19.8
== 1 Day No.2 18.7 19.2
No.3 19.0
No.1 29.2
7 Days No.2 29.1 29.2
No.3 29.2
X > 3
B
CE QA AFATE AP Flo]l AT Alg hE AFAe]n, AEHE AHAdo] AA
@ A9
- B APHENE SEE (EZETEE)0H, 599 FXHoR AEE =3
T }\
A" 2 74 e & /
AeAd 3% s (30
20119 790054
A sy A
A A B3 AN 5 A
# Zdign 24 NAERAAALAA TS 1
E YR a Ry ague FAHAAE7BAYY

- 145 -




432 WA 22X A

I[ENHAR XNE SEIAMN 20|12

A HE* MA|A o:|_—|.l.A
Institute for Advanced Construction Materials
200-701 e FHA aAts ZHAC)stn
Tel: 033-250-7283, 7285 Fax: 033-242-2095
E-mail: rc@kangwon.ac.kr URL: http://rrc kangwon. ac.kr

da3s: Al ETC-2011-7-23 page: 1/1

A Rd A A A

Alg 3 3 A=
WA =2 3 &
o & vl N
AR 8| g aud A@wy | KS F 2476
REEER A d N F A 5 24T 3¢5 2ug 263-2
449 | 20119 79 49 A%wWs | A ETC-2011-7-2%
A F AR | 20119 79 49~2011d 79 299
H] a
A| 3 7él _'EIL
i AT BE
= NEEF
1= (N/mr) (N/mr)
No.l 34
3H No.2 36 35
was o
1 Day No.2 6.4 6.3
No.3 6.4
s = 1)
E.
B AR ANEAE AlFEe] AFTE Ase g AlgATo|n, AEEL AHAe] AAl
& AYYTh
CE AN EME SEE (FF #Y8)oH, £599 Yoz ALE F fFYH

Al 8 =R

1=

A& AR

g 4

L
Bty Jdgee FEAA4A

£ Ad71EBEY ABE DAY A8 920 A

- 146 -




Al

433 WY ERIAA 3 Ao HIYE
IENYRE XE SETAL 2012
O Y e
Institute for Advanced Construction Materials
200-701 ZHE FHA 5As Zadisian
Tel: 033-250-7283, 7285 Fax: 033-242-2095
E-mail: rc@kangwon.ac.kr URL: http://rrc kangwon.ac.kr
wgFHs: A4 ETC-2011-7-25 page: 1/1
ANd o4 oA A
I 33 2 A=
B =2 ZEAE g
o ul 2
Al 8 0o = utely A8 Al g KS F 2395
ERER! A d A F a2 | 35 54T 395 Edg 263-2
44 A 2011 7€ 49 qruls A ETC-2011-7-2%
AR 2011 79 49 ~2011d 7€ 299
H| Il
Al g4
A E g
&= NEZEF 3 A= R EEEEEE 2
(N/mit) (N/mit) (ax10% (ax10%)
No.1 3.81 49.0
33 4 A= No.2 325 3.56 41.2 419
No.3 3.63 354
po o 2
B
- B QRN APARE AFFHde] AT Algel de AFAFeIH, AgHe AUl AA
o AYh
CE AR E £EE (FE #BEf)oln, £E9 B0z ALY £ gEU
A d A B
Aeddz: 23 Q@
2011 7€ 294
Zosta A
NARFAAN2AAT 2 27 @
¥ 290y B8 qABFALNLANATLE A7) Y ABE 5’3%*}63?"3 A48, 49%°] oA =
EF 2Ry AR FAFARE|HAY

- 147 -




434 WA E2EIXAZA H

IEHYR XNE SEIAMN H2I2

Institute for Advanced Constructlon Materials
200-701 ZHAxE FHA EAs ZHEdisha
Tel: 033-250-7283, 7285 Fax: 033-242-2095
E-mail: rrc@kangwon.ac.kr URL: http://rrc kangwon.ac .kr

g0 ‘mEzEuTs

BHEFH3: 4 ETC-2011-7-23% page: 1/1
A d A A A
A d B A=
BN =2 ZgAE i .
Alg o sy A Sk:Rs KS F 4716
EEER A d A F A& 5 AT 295 U 263-2
q ey d A 2011 79 49 HAEHs A ETC-2011-7-2%
A g A 2011 7€ 49 ~2011d 79 299
H] Il
Al d A
/\] 347 ggﬁ-
G-t NBZEE
° i=e (N/mt) (N/mr)
No.1 2.54
BARE No.2 2.45 2,51
No.3 2.53
=
S 2 QR APATE AP o] AT AlFe] et APATeH, AEHE AHAe] AA
& Addch
SR AFAHAE SEE (FF #28)oH, 599 oz AMET F fFYTh

N

&R A

FAHH A48 49%° oA =

148 -




5 A9 Al

2 AT Wl

51 Al

o}
3T

e
e ES e

P A7E A BEE

;2011 7€ 11€

)32

(
(

2)Y Al

N
lX.vO
.Z__l

310
64

90

mm

i

i

Hr

7°

oo

Flow

w
N

e

d AlE H8-1

52 Al

- 149 -



53 A Alg W92

94

ozt

5 7

AT A7

02011 84 5¢

2)Y Al

(

H], A%

%!

7]:1’)\

4

B

2 A

247

®)

N

vzel

;ﬁ r

315

85

112

mm

i

i

Hr

0

oo

Flow

N

oo

52 A AlE 342

- 150 -



t

o
oy

AbisttA ol 1

DEAS

=2 71+ 7

7

AS2 248 WA Do

N
op

o]
ofo

13 BX] 71& 229 AdA =288 A8 @44 23 6 244

ald

N
B

s 7= At

N e (ZerolaBE

9] 40% ©]

_.#0

4 2 #HAol

i

dol =i, &AW E A

g FHol2Es BREA GARE Woll A3tet o

o Ze

2R

o
=

=
=

)

J

*

3

55

32 Ao Ad gAA I o]

=
=

o FAIHAL, AHA B ek A

< HH

gl

al

wK

of Yol eI} =S

Ay w9

o

23 B8] A7 AAA =28 A Ze uig 2344

W

- 151 -



R

stk A

7N

o]

2 E)

o]

)

=

o

3

b, =

[

A(7)E F~BEEZOH o 5~10T A

==
-

B

12 d79AE =

)
e
X

7R A Y /A 5
AR 2/ A AYEA 2A)

Hlo
To
T6°
03
o
BH
oS

el

2)
Jo
7O

ol

7

=

&)
AEBE)

Sl
H

3L
=

ANEd A

ol
=

AR AE Az, &

12k 35 H 7HAIA

=

B
7H A A EAZ -H A g A/ =

)

- A

AAE 24 7}

el

e
Jo
7O
Mo
,_a

H_.nﬂo

Jo

- 1562 -

-HE NTAE A

EEERIE S

(¢

c HE NEAF

R



AFFY Wg 2 4

1.

11 ATH&

Hip

ol

fo

3

A
T

O IEEIESL

A e =4

ZIHRIt E A4

-
T

)

o
T

1

ST

e

J

CEE

Zal

=

A

Rom FIIAAY

&

12 A7+A3

_L
X0

g

)
oK

=]

M

R R X R X
zel (a») (@] () (@) ()
X S S S S S
! — — — — —
o —
= T
o as z
g ~ < ToH
v T | T WL_
i :L =~ o
By il zt E._
_:_I joxil @ —_— ..;O O#E (0]
il A N X
o < il O W
- o) o W = K o
N i w_.b x| Mm ~ =
S W | N E
o[ T gLl R = | 7T " o
e =y W T ) oo T
i3 T o | N N T N
=
ah —_~
A | oF » ME
] <
M e o N(a\
wlo> | B T i
M- m,_ =y ﬂ/o M_oﬂ o
iy ! _H_u\ NrL ._._.m_; <
B al s e T ey ~
ks T g =
oo T e 2 Jo
N X 63 Nd %o
S ol s T/
N | F N ® N
— (q\] o < I'e)
)
B "
i

- 1838 -



R X X X X R R X R
o o o o (] (a») o o (e»)
(] (] (] (e»] (] (e») (] (] (e»)
i i i i Aam! i i i i
n_mo
__1mo
53
w
BF - N
= ¥ e
N I
oF i ~
K | @
J-E —
e R0 G N
< wr £ o | @
TR
Jo o G O
%0 X0 = 70
= = " N = Hin
T+ | F N 63 v
B a uﬁ
< g 3 S
S R 4| ®
B do M| = > | =
E3 9o = | < No | e
K % T 1 an B MNE
il iy ~ Jo Wﬂ
bo o E#E o ~
70 3 = | P = | o
o N S - - G G I
T 3 N
ot~ = M| N a | e |«
O D~ [ee) (@) — — —

=

‘.ﬂo

aL

o

o n
=3
A&
A
3T
=y

<
=

AA
I3
AE

AAE

A

A

Al
SEA=E

13
27
81

s

1A E)

13 o1
9

12 o)
14 o4

1.0

0.1
0.1
0.2
0.1
0.1
0.2
0.1
0.1

-
R

3

ST
™

ok
NEE
A &

2

B

A

GA

) Ze}

wh7}

g e v

A
| 2AS

=]
il

s

o
Wl
3
il

- 154 -



S1g

= AR

121 B 3A

0

(1) A2k

-9 ;20109 69 3%

A=k 2011 7€ 119

-dA ;2011 89 5%

obeh 2

Ql

223, Ao|ZE)

, FEE(E

XA A HEA

A4 2} v

s

@) "wd -

3] 2011 12€ 9A

1

AP ESHS] 2011 10€ <173

e

S

s

Aol 71z

-
X

g AAA =2

= 28

—~

;OL
ojo

i

=K

sl

0

N
)

E Ho]x

=

W7 (EYW S 10-2011-0072748)

~L

s

- 155 -



ARdA =2 oo 71Ee] AJIAY 2 AlFel AR AFEE W

2o A% AUEZ ® ofyet n&=zo] HgALE L

A

A

il

MT)E A48T,

,.mo

H

AA G} FA

=
=

Al

=
LN

3k

& SUHNE AL JE ok eyl A

TEI} 7] Aol Lol 23 37

R MED
oo ¢-gol 7}

o
o

248 a4

2]

g

d/E*%

/1\_]_,

312 A EE 7o B

2l

- 156 -



=
a-

g dlojgtelth. 1y QFEREHA

ksil
=

sheq Al

thul 50%, 40% X

b

S

= A7 24

S

34 %

SR

=

A AAA L

T

o
Hm

ol
Hr

]

[
A

=] [e) =
A

fokst= ¢-golA &

PR

Fsree.

7} A

=
T

7Rk =}

B3 Erle S 9

of o

i BeE o) Aur)ee @

S

A AA7E e

<
T

<}
=

) noh A3Hoz oA

3|

AFol AHEE Ao Ao

=
v

o,

3 A Ay 7t

53 AF ¥

R

T

0

Ho

A2 Aol

=
=

& A3

Bt 28

Foll A &2 02 Alddo 4 oltt,

S

A3 3 A A

7}
7 A ARrlEe) Ais AAT TR LCCEA, 124

&

5]
=

73

)

3+

<

Aol 7188 o

K

2

= Az/A

5}

o AEA Bt

el

wK

Y
N

HEANA 2 Aot

Al 2 A ATl 58

- 157 -



ol ol

I 6-3 LdAE g M T 2E X MEAE
g 2 AdA A4 29 9 #F
W/B*(%) 3 30, 35, 40
718l 1 MT3
#7181 S5 3 PAV23, PAV29, PSB150
uff gHAkat Fr718kIT (%) 3 6, 8, 10
QFF(%) 4 2,468
FY 271(C) 1 20
71EF AH7HA 4 E3A (53, S£4A, AAQA, 23EA)
5 54
=4 B -AEZEE
Aol 54 S Ve
SANNZE, F7)
BEEA
SN - $EAEWN/mr) 347 14, 74, 28Y
st e 54 4 - A E(N/mr) 3A7H 19, 79, 28¥
- FAAE(N/m) 79, 28Y
ol 54
WYele A sHA
YT 54 2 jﬂ}% ;%;
11 = AgAn 24
T 64 LA grAdM T2 EEF o EALE
[e) 3
(%) (%) (%) Slag T
EISRE Cement IS
1 30 32 8 403 309 287 159 101
2 35 32 8 378 291 270 149 95
3 40 32 8 357 274 254 140 89

*fr7]8kQlE]; PAV23 : Type A, PAV29 : Type B, PSB150 : Type C

ks3]
=

C(MT) #iehe kA Al

H2g ol Hold Al 7FA AlF(PAV29, PAV23, PSB150)<

el
=

- 1588 -

g MT3 wigrs AFgdlem friulit s W4

MAst] Al




shath. StA Aol AREE oy EREAGA N AHEE ofAd e AYPE2 25%°]H
% R 9% S Aestd g FA9 FE 8%tk mEkd ARMEES £FI ZA
o] & FTollA FAZE AL Qe HlES BF 83%0 B2 41 frIueltE vkl

i

r
] il 8% Attt FASH T FETS G AP o)Ay =2
A AN AAE HIROE 40%E XSetE FriERle e A ERtE A
HA7bstath otadsA] T 1P ES AT 75%E o7 =2 B AL A9 &
AZA Hl= oF 35%01RaL o] 5%% WIS Fo 30%, 35%, 40%°] Al 7FA B e
AGANE ANFS AN B3 AP FAE fstd fFEskAE 1.0% W
2 X3t} APt

AYA vlo] ME FF SHS Fopuy] st Ax Fx AW FHAHS A
Astgom AF ARE 19 510 Uehith BAWA w7k 7%l me EE
t zlelgon 4ol ER wedE G540 d# Aol= nyd T4

A v 30%Y W BFY BE ALY BFY A, C= 2 250mm AEE HlwA AL f
FAES ety E-ZAZA HE 10% 716t 40%E A3k F$, Z2 gho] oF
10% A= F718t 280mm HE=E Uetddth ¥hd B¢ B 2 330mmE w1 §-

< fredes Eth

- 159 -



350 250
OA: PAV23 MB:PAV29 OC: PSB150 DA: PAV23 MBPAV29 OC: PSB150

300

250

00 b 150

150 100 |

100

50 |
50

A AL AL SIS LSS |

30% 3

a)y=-AFA vlo e Az Z= b)=-AgA Hlol| W& FetAIZE

&
®

40% 30% 35%
a2 61, 2. ZEA Hlof 2 SEAM AY AN
2) SAANZ

EAEA v e SAANL AF AFAE Td e "N B F AR
o] &-AgA w7t F7Hl wel SAAREe] AdHN e FrHlelE FFEE A
2 U sAARte Bt = 23A vl 30%<Y W Bt Ak B= $4 2

Hletlom 40%d ®W 30% HE o] AAHJUT W B C= T4 1008=
dlem Ajzte] ekl met ArEerE A7iw AEA 2he S8go] HAYsHS]

6~28- 0 =

e

2

B gAoA BEE Al Y= x4 308 ol T2 607 o]l HiEstE A=
AFA ¥ 40%0lF e FU|uRIT FF S PAV23Rto] EHxo] wHESHATH 19
SAANL AR AA E £AA) 2HE 2-o] /M AoE AGHAG.

L

- 160 -



30% 35% 40%
Al PAVZ23

30% 35%

B: PAV29

40% 30% 35%

C: PSB150

40%

g 6-2. =-Z22A vlo WE SEAZ

KS F 24762 AN @yRel whel Aldstdon AE 343, 1Y, 79, 28¢5 25
7] WA FF FAst] A=E SAHSAT 1A BRo] hE4 =) F4x =
T EARA vt U1l et AxRE 43 Asetath B As E-AEA
H) 30%Y W AE 3AF ¢E=FE 195N/mi, 40%Q W 16.8N/uf, = 14% A= i
stRom AT 2892 30%Cl HIB] 40%Y = 12% HE FAasAS EBY BE =4
A W30% Y AE A FEFAE 194N/mr, 40%QY w 17.8N/mf, 2 10% A=
R A 2892 30%] Hls] 40%Y W 14% = FasAT BY CE 30%

A o A 3AZF 4= = 18.0N/mr, 40% Y = 14.6N/mr, = 1
B 2892 30%°l W& 40%Y w 13% A= AT E-AFAR Wl ot

NENTE 10~18% AT ASPom L£AxHo 7 Aedtdo] AT Aoz oA

- 161 -



3

45

a0 |
35

30

25

20

FEE ASB>C ATHE w3koH, B Co 3AI%L, 1Y€ =S A9t =25
Ao Tkt
12
gt
6
4
——30% ——30%
——35% 2 —=—35%
——40% —a— 40%
- - - 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
A)E A o] BE AZFE by AYA Hlo| BE BHE
O 6-3. Bt A ZE &5 A1t
12
10
8 -f/‘//_/
6
4
——30% e 80%
—=—35% 2y = 35%
—— 40% ——40%
0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
a) e AFA vl & A= b)yE-AFA vld mE A=
6-4. Etl B 4= £d 21
12
10
8
6
4
——30% —+—30%
—=—35% 2 —=—35%
——40% 0%
1 1 0 * *
0 5 10 15 20 25 30 0 ° 10 10 0 i %0
a)= AGA v mE AFAE b)=-Z2dA vl & 4=
% 65 Bt C 4 &4 &1

- 162 -



]_lE_
9 A A4S FAS] gIstel BAGA ¥ 40%7 0 AFT Ao A

SAANZE = AdA Hl 40%, F718RIE T F PAV23Te] B HAle] Zx =4
of &Rt 2y SAAE ESA (A AA H E£AA) 2HE Z2Ho| Jted
Zo g AT

AEE ASB>C SAHE E8kom, 89 Co 347 19 A EE AYsta BF &

% 2o wEfAT

12 S7lvkely AHA7le 2 =20 w2 W3

I 6-5. ®7IHtRIE HItE S ER0 wE Hi gHALE

@984 " F(kg/m’
as | W/B | S/B | R/B R ks Mlio &F(kg/ lH —
B) | ) )] Sas ey | Cement | T | wpeiry
1 40 34 6 394 285 264 146 70
2 40 32 8 357 274 254 140 89
3 40 30 10 322 264 245 135 107

*F7]81H; PAV23 : Type A, PAV29 : Type B, PSB150 : Type C

S 53l 40%] ES X3 AT olZESA AR AHEE =

iE 133k &8-S AR A8t A7 AA st A= HlE 8% S 7]

FO 2 %A 7+A m= =718l 6%, 8%, 10% Al 7FA A2 AFEHTh =3 X
o

Z18lY A FE 5SS getstr] 915k PAV29, PAV23, PSB150 Al
o

- 163 -



lH

A=A Fetsty] flate] A= EF2
A3 Y A9t By BE f7IHIRIT 9] X
sto] /M E ZEE ASIGoY BHY Ce 2318 F7HsHATh olAe B
A, B &3 PE7F PAV-VeOVacolal B} Co 1A FEl= PSBol”7] wf&ol A
2 OE AL Hole ZoE #ATHT PSBE Hgstas o AR o Aol
]
i

_I_4
=

o] 390 e SRS W 5480l H FolAeE Aog Helth
A, BE 9087 2% 371 W E2+= 5~15%HE TAstH o™ 8%olA 10%
2 37ME W o & Z02 §5A4 At dolwth Y Co A% #eurt 2% F
= Z7 AT vkl X 8E 8% W FE 300mm W
97 AR, B9y FHE ZEE ASBC £2Z f540] A 2HHATH
Z27} ES4E WE AZFS Bon fruly X§go] FEFE
%Y W EFY A, B= 10~11% °]3 E}Y Ce 21822 F
oy X388 10%Y W 2~4%F Zo|7} EEATH

s
N
rioh
o
(@)Y

400 250
OA:PAV23 BB:PAV29 OC: PSB150 DA: PAV23 EIBPAV29 OC: PSB150
350 [ P S

AN — 200

250 r 150 |

50 |

6% 8% 10% 6% 8% 10%
a)fr71uel] X ggd Ax 22 b)fr7lukle] 23l kA7t

% 6-6. w7l8telE x[gHE0 ME Fsd Al 2
2)s2AZE

F71HRIE A e mE AY AFAE O™ 570 YERY. A&
el g2o] AAHAS Y 4~9F Abol2 FA ApolE HEIAIE EUT B A, B

- 164 -



[e)
A5

)

=3A= 4

C=

]

o
H

o], $4 30~50% AelZ SAEHALH F7|HIE 8% 10%

U

=]

4 30
o) T4 120 olFe = o] vl A AU, wekA B

z7o] oge o Holw o

=

| —
T—

ol

10%

8%
C: PSB150

6%

10%

8%
B: PAV29

6%

10%

8%
A: PAV23

6%

O 6-7. ®7lHlelH xghEol wE S

80 S M M M M M
60 S M M M M M

120 fommm o s m oo - - N -
100 fommm o s m oo

140 o= mmmmm e mm o m oo

0

160

0

wjr

wAO

3}

ﬁo

1.2.2

7

=
Q)

o] 2%

oy
o

|

R

71ukelE o]

oF

A A3

Z B A B9 B B C w22 YERH. A

Joz B 3}A| o]

30N/mir ©]

L —
T—

2 28Y 9

W=,

i
sl

B
Hr

I

- 165 -



—+—6%
—=—8%
——10%

——10%

o~
N
© @
L L
o w»

30

25

20

15

10

30

25

&
Pyl
&0
KIr

—+—6%

—=—8%

——10%

—*—6%

—*—8%

——10%

45

40

35

30

25

20

15

10

5 F

30

25

20

15

10

30

25

20

15

10

b)f71uel o

—+— 6%

—=—8%

——10%

——6%

—=—8%

——10%

30

25

20

15

10

30

25

20

15

10

b)71RkRIE A dE&¥ =

a) 71kl

B
Pyl
&0
KIr

- 166 -



wK

)

—~
o

ruzel
f
oy
T
,_Aﬁr

i
H

O

 30%

3

7} %

I=

= EFY Boll Hlste A= 7Y

o By A

ot

J]

gol &7t

=
b |

1371 el

S g !

2w

B
T

74 ol A

1
| .

5

!

o] NAgel we} A

o}
o] A

1
T

Holth. 1helq B

b4 et

s

T2 XA AL

ol =
S

Moz HAYo] U

N28g

av

10%

8%

6%

C: PSB150

10%

8%

6%

B: PAV29

10%

8%

6%

Ar PAV23

up

=0f

et

J|Hlole] X3

o
T

a2 6-11.

- 167 -



a) Bt A PAV23 b) EtRl B: PAV29

3) vy A%A

F7lEkRlE T/ e W EALS Fobs 93 mngAIEAE S AAEAT
A7E 8%E VAT F TAY s 2%(FA FHFHE XSS AFA ] FAE
A zA47 FASHA 3mmE FH o EHS FAAE)E AFAA A AT AFA
A F AE 7del Py AGES AR AAE IH 6-13 HERH AT

Elgd u11d AL 05~1.0BPN 2tolZ A2l A8 A3AHS Bk 3 1
g 514004 B F %ol B AE oFe A& ooy, g8y Ce vud AIA
ZA A KS F 23759 Algwioel] wel 2de] &5 S o 457t 2o Yygon

Zo] whg ¥ wvio] sabd AFAE FAL TS

- 168 -



44

42

40

38

36

34
A PAV 23 B: PAV 29 C: PSB150

a7 6-13. ®7[HIlH SFYE olnd My

Bl A: PAV23 b)EtR B: PAV29 C)Etl C: PSB150

O 6-14. R7IHtIH SFYE AYHA 25

x4

B>

fre 54849 B Adk B B #7IHRIG Y A&Fo] IUErE E2

oy Bl Ce 23y Srlek wrIHkelE AgE 8% W 2= 300mm
ZAEYen, 209y FRE EEE ASB>C €22 F54° A =

27} mes WME AE B friHdlE e

s7tErs A4S 9 =oksth

AN Aol Tl mE AQAEASY 4~9F ARl F Apo]E HoA]

Frem B A, BE H3E S20 TEIoy B Ce $2AAAS Bt

e 5AL f7IHIE Aol 2% SUHEel wet AR 5~10%, A=

T astAth AWA o R B A>B>C 02 £ AEE Byon 7

rr

¥Q
v
Jo
ol
>
[4_}1_‘
rlo
il

W
1§
[iiy
(@)

o
3
o2l
ut

- 169 -



I~
QLN

B3 By B>A>C

=1 O
S

L
= 4

|

A

o]
M

7] 8}

o

o=

0
o

)
X

el

Zukelti o] )

o
T

b2 %)

9

SAlel WERGTH, 5%0°]

=

=

| 5}

)

il

0
o

ol

ol

P o ek E Ao

S

;;}
A3} 43BPN W2 ot uj

2]
5

3

7

3 B} C¢] PAV230] 7}

O 2=
T

ol o

Fol 79|

H

0,

o
‘_Lmo
o
o

o

0
pul
o

7

KH
L
wE
o

n
0

22
45
67
90

i TARS] A

9

Bl
89
90
90
90

141
141
142
142

A

Cement
255
256
256
257

9] &2 A #F(kg/m’)
Micro

4 A)zEos dn AYe F

JKR
275
276
277
277

Z A0
Zl

5=

Slag

335

314

292

271
}

o

p/B
(%)
i e

<

A

(%)
30
28
26
24

A

S/B
8%

L
) .

(%)
40
40
40
40

718k

o

r

*FE; A: R-1000D, B: R-1100, C: R-1300, D: R-1500

N

il

p—

T

K

o Buso] TAY AF F ofaF

Bl

S
- 170 -

A A

[e)

=

A WA Al

H
=]

ol w9

=

7N A 2~8%

o

=

[e)
=
a



ol met fFeAdol gAasHoey ¢s
10mMmALE Z27} 77435937 1 2ol= 5% Y2 2435
J x}o] A

350

300 |

250

200 |

150 |

100

A: R-1000D B: R-1100 C: R-1300 D: R-1500

a7 6-15. 2t SF A xHEYW 22 FY 2ot

3 8

88838

o

7hekoll mel SZ2AATE v AAEHJ oY 2~5F Afe] o] Apolm Ao H
sk SR BPE AT B ANAoR fASEom BDIt b
HAAT

X Ox=Z N3Z
NN N NS N E N
NN NNNNNNNNNNNS -
NN
2% | 4% | 6% | 8% | 2% | 4% | 6% | 8% | 2% | 4% | 6% | 8% | 2% | 4% | 6% | 8%

A: R-1000D B: R-1100 C: R—-1300 D: R—1500

O 6-16. ot SR/ H xEEd 22 5 24

- 171 -



0

il

wAO

s}

ﬁO

13.2

st

=
EA4

B3t el

%
o=

)
£:2

o

gl
wjr

il

on R AA AAE Z7}o] w

%
o
)

1l

g

g 7

o
T

| $kEo wet

el
_rOO
ﬁO
B

—

_X_l

T
of

AshE AP Bgou B Co B DE A9 WET Ytk

N

——2%
—8— 4%
—4— 6%
—8—8%

——2%
—8— 4%
—— 6%
—8— 8%

30

25

20

15

10

30

25

20

15

10

b)EFY B: R-1100

a)Etl A: R-1000D

——2%
—a— 4%
—— 6%

—&—8%

——2%
—a— 4%
—— 6%
—a—8%

30

25

20

15

10

30

25

20

15

10

dEFY D: R-1500

c)EFS} C: R-1300

Tl

k{0

- 172 -



o o m wE wm

3 8 B <0 o) No o @)
R R R R %55 = = —
N © © ++++ X X W HCFL ﬂ»Mwl \mw
¢ Mo w o ﬂ
8 m 8 m 3 ﬁi 3 E:v ~X R
= i F T iy

v D wh o B
I . [ — 4 o o o
C G © = S & of =
i =N 5o WL_ % 3
= ~
o of ° = o| L
o T vog K= K
2 S @ w B o @ kT

) ’ o R B
or.__ O_E ﬂ% o)
) ®ogoe o T
®© ~ © O ¥ ® o ~ o ° o] e © © ~ ~ i ° ﬂ X ‘mM m_w — Z_O 1__1_

— —_ ~ o]
oK K _,_m o o° < A
E e oz TR 9
o — o M
e 3 Ko Mo oF 0 % —
1] +___T__ P by MWWMEW
1°¢ & o il i)
o I I N S 7
2 a A O p— C HT_
"8 8 & K S T
S LR o i X < %
— md - N = K
[ r r

o e & T g e T
.. C ‘,W UL a _ H_W HA_!
< = X ~ % o

o e K om N ®
> ny KO o = = oy
‘mW —~ _ni o) A_l N O_E ,ﬁu
© s &} ) ﬂ&n H_wo KA ,m.M __L.
° ) :.L v — A
)A
T e e <o~ - e o ] _omﬂﬂommﬁ

© ~ © v ¥ ® o ~ o ﬂ»_Au =r o En_ J)AlO

&l o uo W E
N = N B T

- 173 -

B¢} Dol H]3j



a)Etl A: R-1000D b)EFY] B: R-1100

c)EFY] C: R-1300 dEFY) D R-1500

133 22

NEAF Qg 27 2 XL AuA oz % EAY LANT A5 EA S

FEFS FA Euth AT #AF A3 k5] LS 4% 6%7F M A ESHA

Uelgorn @4 Alg Al § Z'RA AFES AL 4%2 AT E A5 THE A

Z2 B B B D7 7HE AFstd o, AAASHEY Ad T UHAE BE
c])_]__

- 174 -



B EEIAA HAst A

1600
1400
1200
1000 |
800
600

400
200

A1 R-1000D

=

6-20.

B: R-1100

o=

L I

C: R—1300 D: R—-1500

ZRY oo} vlD

T 67 Ldols v T2 AA 2HE Ay AE
g 2 AP A4y 29 2 FE
W/B(%) 1 40
Ee) 1 213H&(%) 1 28
F718RIT 1 MT3
F71uIH 1 PAV23(8%)
AL Q= (3) 1 R-1100(4%)
SR Z7(TC) 1 20
6 F53HA1(0.2%, 04%, 0.6%, 0.8%, 0.1%, 1.2%)
S5 A 3 £734(0.05%, 0.1%, 0.15%)
3 A A A1(0.01%, 0.03%, 0.05%)
1 2 A (0.05%)
fre 54
=4 &2 -AZER
R > - sean
Sk SANINZE, FA)
BEEA
73t e 54 4 - AEZE(N/m) 3A17L 1, 7, 28Y
- IR E(N/mr) 3417, 1, 7, 28Y

- 175 -




W

A

/KC-] 2

AGAIE ol Y Aol wet 40%% ARIYOR, AYFAE BLE A
shel AT Ul E 8%, A BHS A GRS AAFS 47t AFB So
2 APA} =EEYT B FALYD VETE oY WYy

== S|
S 40% T F7IRIYE L@ EF kR HUbES aHste] 28% WelE X253

FESAE 02~12%7HA 2%4 WA 7IH AldstAh &
© 005%% Ao AAA 2 SR Al 7R A2 MEA7IEA A9

- 176 -



1;]_0 Z] R %]: 3 (SR ==
W/B 982 A F(kg/m”) T"° 2AA | AAA | 23ZA
TE @ 71 e e o
(] = o} o 0 0 (]
= MT3 Slag H]—?_]Eﬂ 1__.§_ (%))
A 40 446 668 312 89 45 0.2~14 0.06 0.06 0.06
40 446 668 312 89 45 02~14 | 011 | 006 | 0.06
C 40 446 668 312 89 45 02~14 | 006 | 011 | 0.06
Ax Z8 =23 Ay ZAdkA o2 F53A7F 02% =71 w8t 35S HF
45~05% A= dLsA 78T FESAE 1.0% XIS off S=2 280 °]F
o2 ZxQ 270mmE WEEPoem 12%Y wWE ZE 300mm t5mmE 83 45
AL R F AAY. SHAL AAA= FEAe FIFS m XA o o=
A MAA TREAA Y} TZEAA A olu] FF wvl Qly] wjEe A3
FIAE FE5A 0] oo wet fEo] Wty om F53AE 02%233 S u

350

250

150

100

gS u HF 43%

eAmB AC
e _____ A ____‘__
A n
[ ]
_______ £___‘________________
£
0.2 0.4 0.6 0.8 1.0 1.2

RES3HA (%)

Ml
=

[Kl
3]

a) 2

a2 6-21. #3=A

- 177 -

otz g wsd

A= F7hskai.

18
‘ A mB aAC
16 -%--- D it
. I
14 p---------- ;————’ ———————————
____________________ o __ .
12 i -
A
T
8 ___________________________
6
0.2 0.4 0.6 0.8 1.0 1.2
=2 (%)
b) F5kAlZt
£y Z1t




Ao YdFe F AFAE= 0.05~0.15% HLAWAA 0.05%% WHapst AZFS =

At £R3A= A w2t =-s AJFsAn.

NEAH AJAE 05% AFsAE BF FAAES 0.01%7HA Fastdwol= =242
0.

o] 30 ol A&HHA FEadoh A3 AAAY H7hEFS 0.01~

>~I

SAA R FLS 0.03~0.05% 2.2 el EREX(ZE 308 oA, T2 60E ©]sh
= BE5F 9EsteE wige B-1, C2, C3 oo AR Ze] TH &% C27F THE
2 ee wigolgtal AZrE T wekA AAA 0.15%, £74A 0.03%7F 7S A e A7t
Folgta AdETh wiFAES 3E 699, AN FA ARE IF 6-220] YENRS]
=3
HE 6-9. SZAZE v ALE
o d & 2k 3 o T
g | W/B ge s em) ;;] AAA | %34 | 2%A
B = o 7] 0 o 0
(%) o N obm 0 (%) (%) (%)
=3 MT3 Slag ol s (%)
1 40 446 668 312 89 45 1.3 0.06 0.01 0.06
A 2 40 446 668 312 89 45 1.3 0.06 0.03 0.06
3 40 446 668 312 89 45 1.3 0.06 0.06 0.06
1 40 446 668 312 89 45 1.3 0.01 0.01 0.06
B 2 40 446 668 312 89 45 1.3 0.01 0.03 0.06
3 40 446 668 312 89 45 1.3 0.01 0.06 0.06
1 40 446 668 312 89 45 13 0.17 0.01 0.06
C 2 40 446 668 312 89 45 1.3 0.17 0.03 0.06
3| 40 446 668 312 89 45 13 0.17 0.06 0.06
140
oxZ N3Z ]
120 f--==------------------—- - - - -1
100 [-======--------------- - - - -
80 f--=---------1 N ---------1 e NN SN
60 PR~~~ A N SR Lo — N - R
40 FRS RN IS TR i R Sl B S i Bl SN
O 1 1 1 1 1 1 1 1

A1 A2 A3 B-1 B2 B3 C1 C2 C3

a2 6-22. =M =Hol| e SZAZ

- 178 -




ZAEBE AENES $EAARN 5L MFoRE e hF B A== KSF
24769 Al@Hbdol wek AF 34, 1, 7, 28¥0] =AU AP EE KS F 4716
of wt A 7, 28Y ) =AsA).

A AA HA7reko] wel A, B, CE TE3te] ®Hlwstgdoh

A5 AQATE S7HE wet A Adtete AFES BIoy Ankdo g &
E2 3l= A¥ 3A1ZF 10N/mr, 1% 28¢Y 28N/mr E5F THE3don 53] A
o= 40N/mrell 7W7hE &2 Z=E Tdd 28y == AH

mi, AW 289 IN/mi ©]st= FFol| ¢ X WA= AFAES HIAUT oA o]dY

SE23 A} vusly 8BS A Q= ol T FEA T ALHOEZN A Fo AA

o
i

sha AREe] Aol Wakyl ME Ao YAt RARE oA

I

| F
S WEHPYE B-1, C-2, C3 i A A A3 AFAES Uehyon A
7 0.8N/mr, 28%¥ B¢ 12N/miE wj-$ we RALG=2 W)

F4E 9 RALE AL AT T Aol WLY o= YFan.

o |
oft,

7Y %

—e—B-1
—=—B-2
5t —&—B-3

0 5 10 15 20 25 30 0 5 10 15 20 25 30
HE (L) ME ()

" >

—e—C—1
10 —m—cCc-—2
5k —&—C-3
o , , , ,
0 5 10 15 20 25 30
M ()
J% 6-23. =4 58 21

- 179 -



30

——B-1

—=—pB-2

——B-3
25

20
282

15
M (
o7

30

10

——cC-i
= C-2
——0-3
1
25
of

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

i\l !

1

o S RO “
9999999999 KIr !
e 1

o & H |

o - !

NG _

ol |

3 o A “
- q ™ A <t |
117 N _
1

Peb s b |
0 — |

md ]

1

o _l_ |
¢ |
o 1

. ®» O N~ © 1O ¥ M N — O |
3 \
0 = 1
— o |
= 1
1

1

o 1
- 1
“

0 < <

9999999999

- 180 -



stem A

A1zl B-1, C-2, C-3¢] Hj
[¢)

=
==

P'H2 KS F 24240 we} A A

Kot =3k FAEAA u

Ed=z A4

=
=

AE

Eis

15

&
=4

A

L/\-]

3T

oz EURE A

4)4o]

oy
~

7

o
2

oWzt 54

= Z
T

—_
file)

St

S

B (X 20:2C, F5 90%)37 tH71FHoZ pro] AlY

==
LN

7, 289 Aoj¥seS 54
23

B

=°]

18626904 H

| —
—

N

o AHUo] Aol wreh A& FEo] dojuprmA 28

g wy 5o 2

b

alo
N
iy

B
o}

o

282

o7

01 F---A
-0.12 f---1

014 f---1

R e e e
-0.18

282

o7

2=
T

A elere

=
RN

£l
i\l

KIr

ol

3ol

92k 1l
et Mg 2 B C3 > B1 > C29 ¢o8 ¥ iy

A

g7 HHA W
e

o,
3L
o

==

o) 1A

1

k<l
H

T 0.065% = HiEE 2po]7F Ao AT

o

=
- 181 -

)= W 635BPNOZE oo

4 23

Q)
=

=

=

3tA B-1, C-2, C-3 A7}A Hj

S

3= 7, 28

ST

S
4

3
HA

=
=1

u| 11

ANEE AA

§_]__

dolHss Ay Y
a96-270 YERE WvtEA

w}

6) W



008

007

006

005

004

003 [

002

001

(F S AL AL AL IS LSS

B-1 Cc-2 c-3 Cc-2 c3
3% 6-27. Uotz2d 538 Z1} a2 6-28. ojnd MM 5 2ot
14 4NE WY S22 4A AY A3
141 A3AE
g 2 A AR Ay 2 &
TEA S 100
AL
HGAF or & | 40(E)
2 e gy | 1o TE EE/AEAD
SAANT (2E, T4)
7= E A (N/mr)
78 e - AR BN 1Y, 7Y)
- RARE (BE/2QuE)
AN Aol H2(%)
kR (mg)
4 FE5E5(%) (2, 7t=F, 671 Aw, 7&)/VOCs (%)
g £ n 118 A g4 (BPN)
oo A3} o] 3F4 34 (Coulombs)
&35 433 ()
WoFEAE (WA /Uil /W R)
1.4.2 AP
T}e Z_J] 2] 2k 3 =
_ W/B AeHAE (ke/m) T qan | £a34 | 2z
N % 2 MT3 | Sl 71 s & % % %
(%) = B | ey | ¥ %) (%) (%) (%)
C-3 40 446 668 312 89 45 1.3 0.17 0.06 0.06

- 182 -




23t

el

1.4.3

ol
s

1431 A

o |
P RN Rss)
nm_..L\
~
<
T
oo

W

_Z._ _io

Lo
I
E
i
Hn
o
IS
7
Nl o~
| &
o
o
=
N_.o
o ol
= o
X
i

1.4.3.2 A3} 73

Z.
)

A
= T
K[| %] % %o %0 s
Mol ool | =
- S &m0 M m
= o
=
=t
i
- & s
™| o
=0 | —
IR IR 1
SR o|C
HO
i o | =
| & m
=L
70
N | en
N N B |
| | = I = | —~ XK
NMlgw oW | X | g
Xl N[ XN 30! d
[3p) <! S
E | g E s
Z = Z |
ah ] & ] )
JI ~o rl ~o 3l
N o N =
z._u N T 0
B N N
on o | N

=
EA4

1433 W+

2 M)L o B Q MM o
; — o
el m m m m % % @) wm
ol S - = = W T
v 2|2 g 9
it
ojn
o) | %
_ 4 |
o | or T
o | &
~ = | <
I 0
R Mg | op
< | m |5
JH _ _sz
&=
X0 x° ojn
dEIRIE: Wz
=1 © | ©| = o | X b | OF
= = | ° P
2] e
B s
T
TN
S | O
BT EE |
5 = (P4 | &
o A
!
‘“_NO T
E o |- .m X0 ro -
W | S R Bl ofF A4
=M x| g X =3 rin
—_ —_—
=l w (o G M| o | N
T g e % - =
=3 WM o = <

“4t 5% /VOCs: 3=

- 183 -



- 184 -



A

,Ho

AFdd v

1

Gl

E R

1

°
pil

Y
2 o] Fo]

=2l FadAl
2 3R

npA| E o]

o EA e A stel= #E7t 8l

Presentation® Z+=

—_—

jo
il

)

i

s =wRolrtA EgE w7

2
2. ME7I&Ee] 7193t

A

J 2

il

5 FujA g

2.1.1 AAHA E

Ho

Fan]
w7

or

20093 A <k 10

L
)

A}
2011

71 A HF 7]

=
Nlo

gl

H

1:

A& ol 7hs

I ARAERAG S BAEset steE S 2 =] AR

=i

Ak

s

1<l
2
)

o

a|

4

k'S

B/
pred
are)

il

\

A

_g]

He

oltt. A} A

)

—_
o

o

o

|
- 185 -

Be Adte 347

<
T

Bt}



212 4HEAA 2EA S

gebd A AR 26l TA olelgd AAE e Ao BU] 54
B AL ASA @ gor, uE Adn olojo] wrlHelg ARAR xT o

A G Ao 2 2938 A Fo|t)
2.1.3 TujA &

A =9 AFezA A AHels A Hiy HEYd FA A BujE st
T FRA7E AL Ao FFeE IY B oA IEH el el sEste]
B BHA(AEADl B/ FFets &5 2@de Tkl B AlFolH, Il e
T2 AFZH FE5 4
HELIAAA F8) 59 dge ALY A5 sacid 4% 78 4 A9
TAEHAE AR B A="le 5, duixel i HAE S Aot =
AA|2E 2jol] g3 ste] mE ANE Ale] tiAReE aEste] H23E AU
=]

Agolth AEBWAALS Alo] BT FARUI F5T Ao BY

T
e

Jm
ol
e
re
B
ol e
ko
ot
)
>,
ot
i
P
o
fu
r
L
i,
£
o
v
%
rd
!
=2
>
e
=1
H,
>
lo
>
A

X,
_I (
rlo
v}

X 69-1. AAAFS 7H4 vl

lton ¥4
lton 714 o g Al m B
A A ()
(1E) 28 2E 230,000 g > 851 31,067
G 198,000 ' ’ 26,717
ZefopF 230,000 8.6 2,665 29,409

- 186 -



89l <

1
T

A A}

ggpole. A g

-
)

3}

Fod of

Sl;

3

@ Bt ok waA ol

AT,

|

o]

EF

AR AgS A

IS
yul

AEed Aol o

Hlglo g XA 7<=

o
=

o] AT 47 (2008

2006 A H-E 7]=

) AR

~

o
oF
it

A7

=
a

g

A

=

il

oA Atk & % Ytk A7)el o 2

=
T

olw] zt

Q]
=

A" S T A7

—_—

w27k glol Be

=
Fd o1} 20114

J]

A7 =

o

o

il
o
T
=K

~

N

Aol 887 ol

bl e

J]

o

R CE DI

z]
=

& AHAZZO ARk A3(

B AMdE 7t S 4

B
T

—_—

v ZAF3t 5) soll s 2u 7AF <

.
A

F7F A" 2 7))
1 olo] 3k AL AZLg A

S

3
2l

=l;

3

o

&

S

L

- 187 -



R O
ST N - SR
& P ITNE W
JL.Q ﬂ_Tm_A,UI.A
—or 4 - =% o
T ;
- ®oxm oy ¥
=| = g & g N o A
MR ERENE T
—~ ﬁO
—~ T I
W= Tw ToHF
T T amw N g E
o SRR o B R P g g P P=Y
@mﬁu RN oo |OR|SSP
A H R A
TR TN MR g oo
TS e ol 2L
< T A AN
=
w o
= X
,.,_.V_-L ‘mm‘uﬂ_mo ‘uﬂ_ _EE
TR Loﬂeau P |
0 <
e o
ME%E;;U, F AR = | P& 2|’
) = N
(%Eu;ﬂwwwnéiﬂoﬂ
Hﬂoﬁlqﬂr‘m-@lk._:iﬁ,_i
A e e -l
o‘Ll‘mm‘_ot,mW —~ EE
= X & o =M
S o~ O S
A K= ‘OI\WL/)
il PLR|gE
_l ~—
i Him [ [
) Al M
i z v TE e
~ =3 — |
wh o2 |of
w A

ENAE

OH(21)

=

LK

fir

fir

<l

==
O

30
Uk

<l

==
O

30
Uk

<l

-
o

30
Uk

g AN

CEHRIBHLE BB 2l

OFXE)l 2IH 0l & o

el
oy

180

OH

'IE"

| AHOHI

o]

<r
K

i
3+

g
<

ok

]
Mo

X,

Tl (7)) = Al

a2l 6-31.

- 188 -



[BERTRAR, -/, WA 59P(#100, #200, #300)

>

—
| T U7 LR HERID | W 4175 — (BT HHRIE)
) p——
- amin ™ (ArREHBREERS) - aiEh e |
Syt o WARST BB HHRIE
Pz, - ST/ R TGO BEEHRE
%W HEKNER (BEBEHBANERT)
é;;“;;% OIST54FvSa)
EREE < BARER #EDooYoung T&S# LLL aAKEs (@ ®EDooYoung T&SH
o e R e 1S0 9001:2000 Bf# B ) Py (BB A MEBTLIIIRE)
ERIR | % (@l (#100, #200, #300) L— <] <] (#500)
\ D
O3 6-32. ol (L&) Eoj Al AH
S| = =] o = = = = o
o5g FAs AU BAAAE TE AYE 7}

Q]
=

A Se] A5 3N
Az glow ssle) A9 A

Aol de Falel 247 FAw

S
=

K
N

1

]_

o
rlr

&9 @2l (supply-chain)<

o

s

rr

E)
ff

4

7H A= 2y

sl

]
233

| F= A28HS AR A5 Yk

Ao} dE9

2 Alsad A A

- 189 -

=l &3 @ Al

EZAZo 2 gxuy WE Y F2 3 Ake} ofxl7]

o EFG Al (A

K

APl A/ 35



e 0] 4:3], “Industry Report -AHE 4+4-", $=418F 718 H, 2008.08.11.

©“2007'd Al7]Eololro] AYStEtEA 7MY HAFTRIA, TleBST 5
2007.11.29.

e 2% 3], “Industry Report -5l A 4H-", S48 718 K, 2008.7.3.

o A3 FAH 3], ol W2 2, 2006.4.2
o “AA7IE/NE 570 AF FHE AT AT A2x, dHuFTH, d=d47]E9
7H FH, 2006.4.2

e 23 3], “Industry Report -H& 2 %#7 147, =418 7 B, 2008.1.25
e”2008 EEWE W HYEHAIZ, ZEI Y

o TAS AFF A %ﬁ]Z]'JJ-(WWW.kOSiS.kr)

¢ Clear, k. c. and Chollar, B. H., "Styrene-Butadiene Latex Modifeiers for Bridge
Deck Overlay Concrete, Department of Transfortation", Federal Highways
Administration, Office of Research and Development, April, 1978

¢ Khulman, L. A. and Foor, N. "Chloride Permeability versus Air Content of
latex Modified Concrete", Cement, Concrete and Aggregates, Summer, ASTM,
1984

¢ Khulman, L.A., "performance of latex -Modified Concete Overlays"., ACI
Pubulication SP-69 : Application of Polymer Concrete, 1981, pp.205~218

¢ Khulman, L. A., "Experiments to Evaluate Factors Effecting the permeability of
Portland Cement Mortar and Concret Modified with Styrene-Butadiene
Latex", Presented at the Reseach session, ACI Annual Meeting, Toronto,
Canada, 1990

e AT, °1FE, A% AV, AuA, “FAYE W BHIE AT
spetel = 7 d FagES R A8A BV, A== =53] AT
2001, pp. 93~103

e &7, YA, HYT, AFZE, o5, “2EAANMES ] &3 Y=
ZAYESY WFEA, =253 =24 A4d 23, 2202, pp.1~8.

® Ohama, Y., "Polymer-based materials for repair and improved durability:
japanese experience", Construction and Building Materials, Vol. 1, pp. 77-82,
1996

¢ Ohama Y., Demura K.and Miyake, M., "Diffusion of chloride ions in
polymer-modified mortars and concretes", semento-Gijyutsu-nempo, No.40,
pp-87-90, 1986(in Japanese).

- 190 -



® Ohama Y. and Demura, k., "Cabonation resistance of polymer-modified mortars",
Transactions of Japan Concrete Institute, Vol.9, pp.195-202, 1987

¢ Ohama, Y., Demura, K., Kobayashi, k., satoh, Y. and Morikawa, M., "pore size
distribution and oxygen diffusion resistance of polymer-modified mortars",
Cement and Concrere Reseach, Vol.21, pp.309-315, 1991.

¢ Ohama, Y., Morieaki, T. and Shiroishida, K. "Weatherability of
polymer-modified mortars through ten-year outdoor exposure", Proceedings of
the 4th International Congress on Polymers in concrete(ed. h. Schulz),
Technische Hochschule Darmstadt, Darmstadt, Germany, pp.67-71, 1984

® Ohama, Y., "Properties of new barrier penetrants", Bousui Journal, Vol.17, No.10,
pp-32-38, 1986(in Japanese).

¢ Ohama, Y. Demura, K. and Katuhata, T. "Investigation of microcracks
self-repair funcyion of polymer-modified mortars using epoxy ersins without
hardeners", Proceedings of the 10th international Congress on Polymers in
Concrete(CD-Rom), The University of TeXas at Austin, Austin, USA, 2001.

e Katsuhata, T., Ohama, Y. and Tatematsu, H., "Properties of Polymer-modified
mortars using nitrie-type hydrocalumite", Proceedings of the Japan Concrete
Institute, Vol.24, No.1, 99.1713-1718, 2002(in Japanese)

247, A%, kA7l FH7, F1Abo] B 2A, ol slm7), Hes 2R FHl
% Henzg=e ARitaZA|EStE =23 Al15d15 2003 5€ pp.
1017-1022

=471, 7‘d 13k, 7}ALo] B2 A, okA7] dHl7], "ZEAAWEES o] &3 HFER
2gt29 FRAAEA AERIJFIZIAYUETS = Alew2E 20043 11€ pp.
309-312

Allen, R. T. L, Edward, S. C, Shaw, J. D. N, The Repair of Concrete Structures,
2nded Blackie A&, 1993

Anne Beeldens, Influence of Polymer Modification on the Behaviour of Concrete
under Severe Conditions, Journal of Structural Concrete, Vol4, No.3, 2003,
pp-155-162

Pareek, S.N., Ohama, Y., and Demura, K., "Adhesion of Bonded Mortars to
Polymer-Cement Paste Coated Mortar Substractes", Proceedings of International
Conference on Interfaces in Cementitious Composites, E&FN Spon, 1992,
pp-89~98.

AT, 18F, FE, Fed, 1A, AL 1T TIA L vlo] I Z A
EE A3 20328 EL HERHAEAN” A =sts st ag s =3
A26@ A1ZE 2006. 10. 26~27

HEUFIFTAEF) AL, 2% “257 vpo]aZAME FJA) ¢ ol& T3t

- 191 -



< 10-1018306

71<dA T4 2010. 9. 13

%)

A
Rl

|

3

A

el Hgs A7

]

]
K

|
il

3

]

nho] 22 4]

e

N
KA

~H

1997-10
- 192 -



% 9

L @baee U gAe] Be e yee yHon WM wi

= o g




