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SUMMARY

[Purpose]

Development of asphalt concrete material and development of self — healing
asphalt concrete pavement using induction heater.

¥ New self-healing asphalt mixture with 200% increase in self-healing rate, 2 times
lower in fatigue crack, and 2 times longer in service—life compared to conventional
asphalt concrete pavement.

Purpose &
Contents  |[Research content]
* Analysis of mechanism of self-healing asphalt mixture and development of
optimal formulation method.
* Thermal conductivity and microstructure analysis of self-healing asphalt mixture.
* Self-healing performance evaluation of self-healing asphalt mixture.
* Establishment of application basis of self-healing asphalt mixture through test
construction.
[Qualitative research result]
* When the applied self-healing cycles are controlled less than 5 times, the crack
healing efficiency shows promising results with 50 ~ 90% enhancement.
* Development of indoor induction heating system prototype.
Results * 50m section of the road pavement section managed by Namwon Land
Management Office.
[Quantitative research result]
* 3 SCI journals.
* 1 domestic patent application, 1 registration technology.
[Application plan]
* Development of induction heating device applicable to the field through
international joint research.
* Evaluation of Reflective Crack Resistance of Self-Healing Asphalt Concrete
Pavement.
* Performance evaluation of self—healing asphalt concrete pavement.
* Economical analysis of self-healing asphalt pavement through LCCA.
* Development of self—-healing porous asphalt pavement.
* Evaluation of the asphalt pavement service—life under different induction heating
temperatures and steel wool fiber contents.
[Technical expectation effect]
= The dependence on overseas technology is solved through securing technology
Expected

Contribution

source for self-healing asphalt concrete.

» Establish a foundation for leading the self—healing technology in the construction
field by securing the world's best technology competitiveness.

» Reduce porthole due to plastic deformation, fatigue cracking and improve
moisture resistance.

= Application of snow melting method in airport, high—altitude and tunnel sections
by maximizing conductivity property.

[Economic and social expectation effect]
= Self-healing technology of asphalt concrete pavement reduces social infrastructur
e maintenance cost (30% reduction in total maintenance cost).
» Reduce CO2 emissions by 30% through reduction of maintenance volume.
* |In the future, the upgraded road pavement for the autonomous driving car is
anticipated to prevent deteriorations such as portholes.

Keywords

. Thermal Induction Asphal t .
Self healing . . Fatigue crack
conductive heating Pavement
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4 AFAY Es A
O AR s ek
- olamE Ege) AR A& U AFE 20149 FERNA A7 K ofmw
9E ATE FA sk o Evis B8% AAA L vholaz
ATWERE BB NERA 2P AEADG FA 1SS A0S
oa

CgRRe) ARpRuAle] A4S ofaBES] YT BHE 9% AAA 2 AoliBE FadE
389 9% ALE /&0l FE 0|71 Yom Inducting heating 714 TEF ATA
Nee ARd AHon HAFA oF #EH AL ATE AW Fol U

CRE GNE ARA ofABE Eg0 HEdtel ANARE FAF ATE FHAHE BEoln
AT Fag FAt FAT AFE ARY BAL ofxBE EFATOl FAT A
KR RERER R

- R AT AREAS ol2BE 4 Adstel fEA HG/E 42 AFoA A7

AelE ol g% Ao AARE A5H WA Mg FelHelm HuH dAFetm



H2z. FUel 72l= /Y €3

CAtol AR S WA Y] A TE A
O vy 5A4S HYsy] 9t mlolazfdas Fll of~FE E3dES AUt A sk W 9.
(Su 2015, Su 2014), Su and Schlangen (Su 2012) and Garcia et al. (Garcia 2010).
O 7|18 e <a29.16>3 Zo] ofxBE ZAYE X HFo| wAH ddo] TAF 7] AlZtstd
TAE Fote] uijly kel FEo] o]l HAWA A7t A &4

Crack opening

Capaule fracture &
I'I-| uvenalor releass

Bitumen rejuvenation
via diffusien

O olxME ZAYE FF L EF 4F AN 4F L AAE AR 99 A
o

H S s lo meEo A7)+
50im vlgkololo} ki 10um ol abe mhol A A% ATk Af EFIF HE
O mpolmZq{Ee] Gz 27t AfF 4 WES 132N AES v mlo|a=zZ2{ae A7t

917 vlol A2 <& SEM ARXI



ut

O <19.18>, <1¥.19>+ dFdAv A& AFE3te] e Alzlolw] wlo]az &) X5 4/
gold ¢+ AL

O cl& o}AFE upely 9 10%E 39 wlola =& -3t
c2 At o] ol AZE nidly e ¥ B ¥XE 39l g

O npolazf&Ee] HAH qHFe ofrdE ZIAE TTUE
A opg. of~gE F3] 30%0]4e] nlol=z
A 7HA 9 olA~RE ZAYE ¥HAS V] 3ET A (Su 2014).

718 vlol AR AE 10% e 3 Av7d Akzl(al, bl, cl)
al, bl: 27 10um, cl: A7 20um

%719 vlol AR e 30% Y FF dAvE ARzl(a2, b2, c2)
a2, b2: A7 10pum, c2: A7 20um

2. wpol A=y} 7FE A o] z7b A

O AFe wWay ofA~2RE FAYE X4 oF5d Ao wF E u 7F AFF of ¥
Helt = 94 57 HW 2282 A7F A5 skt ofATE vl HAd EEE o
g Abo] wrASl (Liu, Q. 2012), (A. Garcia 2012).

O of~TE FZAYE XA Ugt A7t A J5S FAA717] 9 3 T SR rlo|a2gE
o] &-3lo] of~#E FIATE ¥AES 7FE3 J. Norambuena-Contreras et al. (2016), Gallego
et al. (J. Gallego 2013), Gonzalez and Schlangen (A. Gonzalez 2018).

O <1¥.20>2 mpolaAR 3] A7F A+ del& Webd. <27.20>04 & 5 o] AA#E A%}
22 AA7] BAF FAE AESIY] ol ATE FZARE THES VFESHH ol A E uHRIg vt

=
ol oliBE o] FAL Af s A,

o
rlo [m



Open crack Microwave Closed crack
heating

Hul""
N

1920 vhela R} b g e rh A A

1em

O wlolazy 7t WA A7h AFE %fsﬂ Steel Wool Fiber= th2 H7bAl Ao ula] o

Fotal A & A (A, Garcia 2013).

YA O] A7b A 40 A ofABE ZAYE EH/ES AVF A7 7
w7t ARl AojA W o ATE wRQIY o] =7t QIS IMA] st

1 x| f-2Fo] yrolF (J. Norambuena-Contreras 2016).

S

O Fibere] %ol Z7Hgel wheh 23] Wws} s, ojrgE 22
F7 WS e o) Fibersl #o] 71852 o] v

O Ed <1Y22>9 o] JfABE FAYE EFRE FFo| FAALE FEE AU ALE
gejt mEA 2.

O <719.23>e) A vEhbEol Fibersl ol oW mE o ®Es} vhehba Fiberd) ¥

= o o] 5. A~ o
4 9 = A

1922 vpol AR} 40% VIEH ofATIE
a. 2%, b:4%, c:62



2% fibres 4% fibres 6% fibres

nlo] AR 9} 7tEL ofA~ATE FAUE TIE YN T FRE WAL

nfo] a2yt 79 S B3t olARE ZIAYE THUE RO AUF AF BEHS 48 VMK 1
Aol WeE 7hAE. weha <a2y24>¢ 2ol FF9] WAool HA .

olol, (J. Norambuena-Contreras 2016) Al&olA = A7 2/ 103 & AA Alg Ao
0.76%7h 4] &tk Aol #zEs.

<OE25>E ARRYA 5 7D WA A7h Xf FEeh wlol AR gl WA 27t A HE| 9
degdsts vebwon, % 7 o] 2 A FHle dee] Wt A JEhuA 2

g <P o] mpolae A HAe ojaBE wlhd £42 g8 A4
Aepe] &Ao] Qo] AT ek,

1924 mpol AR 7t ofATRE 3

a 749 A brtd &

AC)
|
(ot
]
il
ox
1
rE
o



[ Mommbeens-Lonreral A Goroa | Materiol and Desyn 106 | X6} 408-014

2% fibres 4% fibres
100.0 100.0
g 89.8 - E 899.8 -
= 996 - £ 995 -
[=2] =4]
& 994 - E = 994 4
= —&— Microwave = —a— Microwave
99.2 1 a—induction 9.2 1 o incuction
290 +—r——r——T—T—r—rr L e
12345678910 1234567891
Heating times Heating times
(a) (b)
6% fibres 8% fibres
100.0 100.0
E 29.8 - g 299.8 4
= 99.6 4 = 996 1
=] (=]
‘m 994 4 ‘&= 994 4
= —&— Microwave = —&— Microwave
9921 e induction 99.2 1  —ainduction
Bgl.u L L L L L3 L L L Bg-n L] L] L] L] L] 1] L] L]
12345678951 12 3 4567 8 91
Heating times Heating times

() (d)

Damgged.. . . [

i il om) . #

o] 71y &% E =o]7] 93] steel wool fibers, steel slags Ab-g-3}o]

olATE FAYE TE

AZFAQ AFE APE 1 AS(A. Gonzalez 2018). ofAZE ZAYE g5 5 AeAE
ARESlol & ol AE FZAYE TE9 38tH EZ84 5A4S AAI7IA o o B ATt
AP J5.

FEAGS ol2BE FaAYE TP FTRAOR sHdstm BYH 54 AN 5 =
Ngoln Ao LEE oyl g8 A7) AEA A7 A7) AL ALgehe] oprBE
£ AU



927 FEE A7 AS A

Garcia(2011)o] Ao w2 ofARE ZIFE EFE ALA HIAZS HrtdozH
IEER FEEFE T AL AN FL ddo] A ddE TH & F e s
FE7ME S Bty ofABE FAYE T3 Eo| A7F AFHLEZN ALl ot & 4 Qi

A= Rl
Quantao Liu(2012) SAol+= o}~ZE #E AT E 35| Steel Fibers, Steel Wool Fibers=
A7bskel A7) dmrek AAHJNGAEE A DL, Steel Wool Fibers 13k of~ZE
ZAYE E3dE U2 HI/HA EFERY FE7HES B AA tE 2 ¢ d5E FHE
et 228 AYE TFE FA Vs <aH.28>3 o] 85T
2o M =L §8S e

ki
Jo
F
N
g
s
5
m\#
rHJ
[
hc)
Im

EE?{ o]./\le vl &= A~
3L X

Eal) r x A
wgEze F4 0% A90AE @ A9 A% A 29w,

b T - 70
i Newtonlan i .., -
transition - E. 50 4
E ] 3 % 0 g 50 4
§ o] el 5 .,
a0 4
2 41 H
3 0 e
2 4ad O Measured values = 204
@ Filtered values E‘
0.1 4 |: 104
o0 Y o : ; : ;
o 150 200 o 20 40 &0 &0 100 120
Temperature (°C) Resting temperature and heating temperature [*C)

Y28 4% 7td AUF 289 HELew

Alessandro Menozzi(2015) 45 AH Ry GE719S E3) ofA~2RE A E Z3E9 7}
2G4 58S =AY Steel AES A5l olABE ZIAYE FFEL S/ AYS
588 ol ARE ZAYE TIEY %7 30770CE 275 L2 A ofAFE Hlely 9
wAJoR HATE B T EFE AUt AFH
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A
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CAAER A $ad

=4 AAAS HAA wde APyl g8l 2%, 4%, 6% 2 8%9 SWFE #H7bste] vl

Quantao(2012) R.a2 Aol w2 6% e=e] SWF v gt
Ale Fd A3 2%, 4% o] SWF A& €4
AL 6% H7ESE AlE FAA KT g&o] "ol
6% Ab-go] HZA wgdS &g

<E.6>% SWF 6%AME olA~"E ZAE &35 vigHE ol AFAS Halse] SWE7L
A}-8-&F,

el
© agol 4 97 Uston 8%
. g3 oY RAAE =2 SWF

2 2X(g =N [(6)) AMSH(g) SWF(g)
Control 259 612 71 0

SWF 6% 259 612 44 27

N7} AAH RS 28] £50 =

§7) gRol ®Ql J1EE dHE o83 W T, g TAS 4,

21(2), 21(3)dl w}a} o2 A s A A, 33 A 1 e HiAsAS.
<ET>E ol 2 A3} gk
A
Com = AT D-F (2)
o] 7] A,

G 25ColMel ol 22t Y= (g/cm?)
A 1 B7] BolM HxE AR B(g)
D : 25CoM 22 M2 712 FH(g)
E : 25ColM 23 A|l2E H2 8



G, =t 3)

Gy, : OfAHEQ H|E
R.7 Aol 2 A4y}
S7 B U= AME BSH | AB+2+37| | 2+37| | o|2z[0jYE | HA o|EFOLYE
15009 13328¢g 2.464
15009 13326g 124359 2.456 2.452
15009 13321g 2.436

6. O}ATE FAYE TIE AZ

O <IYE32>EAES s Fo Mgt F=F 4%, =°] 64mm, ¥4 100mm A3|GF7|E &3}
AR AH FAA A T 24X AR T AFEFAAE 3N 55 AR HAet
FAFA A E) 7 A8 (Scanning Electron Microscopy, SEM test)® A3tk FAH A9
(computed tomography scanning, CT-Scan Test), 3% % A% (three-point bending strength
of asphalt mixture samples, TPB-test)® F+=7}9A138 5 Z+2¢] A|dS #3333t

M IR 170°C 402 71

W4 oAZE 2389

R MFEnE £ T4 A7 K 3t 87t

A5l AP 5 SWF
A8 A 170°C 242 742

A8El AP 3 SWF E48 N A2
oAt A2 ASA7HE A8 AP S0 e

471 3] HE)

=7, A85I= AP 3 SWF
170°C 90% |2 238,

140 242
OIAZE 283 Lo

S5 4% Ml

HEE SAHE 3522}
3GEH AHS U2 AELG
(Hr2 2%, K& 100mm, E0| 30mm)

HEE SAHE 352t
(KI5 100mm, 30| 20mm)

932 of2TE FAYE E9E AF 5 A APy
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A

(4)

A
G’mm_f
100( e ¢ B)

)

Gmb
Gmm

VITM=100(1—

o171,

=&(%)

CEET A

Mo

(g/cm?)

H

Gmb

A= FA(g)

A(g)

HAxzstetef F(g)

o+

Klo
<+

m]

I+

6.48

5.91

3.96

i
Ho

6.65
6.50
6.29
5.85
5.85
6.04
4.08
4.06
3.74

T

M

4.7-1

4.7-2

4.7-3
5.2-1

5.2-2

5.2-3
5.7-1

5.7-2

5.7-3

]_
&= A
o A Al €] 3.

ol
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i- O
SEE
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S

{1
ofA~TE

717F ARA]
kel
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EE!

(5)

VMA = 100—

o] 7] A,



VMA 22| 2t

4l

=

=

G BRI Yx(g/em?)

Gy M= Zre ZE7| LE(g/em?)

P, : z3te M o thst 2M BI2(%)

AN=Y SMHUSE (%) o =M=
4.7-1 17.39
4.7-2 17.26 17.24
4.7-3 17.08
5.2-1 16.69
5.2-2 16.69 16.74
5.2-3 16.85
5.7-1 15612
5.7-2 15.10 15.01
5.7-3 14.81

up, ¥3l%
O L3Ed o} ABER YR BFFS Faly, ofArBES AL ZA
Axrely ¥3t== 2(6) uwpel A AAkE ¥3te ke <3E.10>0] e
VFA=100(1 Va )
- VMA ©)
o] 7] A,
VFA : EZ3T(%)
V, 3719 A
¥.10 23w AAA I
Az EZ3E (%) B3 ZSIT (%)
4.7-1 62.74
4.7-2 62.45 62.41
4.7-3 62.05
5.2-1 64.56
5.2-2 64.56 64.67
5.2-3 64.90
5.7-1 73.82
5.7-2 73.78 73.63
5.7-3 73.28
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ofATE THPE MAEE FAS= AFOoEA [KS F 2337 1 ob2TE THFE9 mpbg®
2 EE57 AT Q1D whek AAE
THE SAAE o F& AHddA stes ZHsl SAAZE R =7 HA] YEbd Hd es
ojuf WS Tl dgoln HAolAHE S AAst=d vy Fo3 TS T
FHlE FAA S 3074083 (60+1)C e F2FFod AT, ssAs = X 30TCE
S FH|g F npRbE e AE S AT
Al stz Aol Zhol= 229t HZE =9 WHS F73] 7Zi3o] sta, Jtols o V&S
Asto] AR Ast S =Tt o] flol A ArEA vl d ¢ =S 3
T FAAE AW Azt =9 st g q ol Fa, FAA flel At F=of A
TEE AAAF. 5% FA8E AAE ol 2= 919 A fA Fa, 9 BT Ast
l=o] A Tl dete] dds] HEHAJS W wus 008 -3
3t Ast 2 B9 508mme HFEE AASA AststE Hu dFe] E=gE o] mlolam
told Aolxe A dtFo] HaE w7hA st AW dFs V=T
<IE.34> YAE b= AIF7E o] &t AFS Fd skl g <EE11>o] dERdL

oHEE (N) o o (N) SEu oS54t
9595 40.0
11045 10,366.7 40.0 41.0
10460 43.0
9695 43.0
10345 9,636.7 38.0 39.0
8870 36.0
10375 38.0
10585 10,771.7 46.0 41.3
11355 40.0
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A 2 A olAWE THE dAE B4 R nAFE 2

1. =4 a3 g2 9 ofA2ZE FZAYE AW FFx F4

O % 7ML ditxor fF & 3dd 153 dF SFoZFE HEEE= A7) oyx]o s
FEAQ B 2EE &Y WHoR AVAFoRE st HAiF olwe wWaldHe =3t
ME S doyle dEdd. ofAFE volgE AAAR dHAEA HUMEAS EF35e] AE
FAAE Azt B AT AlFES 13

O A7t A el AL H7 A do] dEEo] ofA~2TE ZAYE T3E9| ofATE HiQIY I}
HE 227 257 Asete] vA dEs A st BEAd A s Este As uwe

O webA o} AFE HiRIYd ougt Fe|2 A=A HIHAZF Bxsta dupnkge] &% Asads
doA EElH MHHdo] HAx =X #o] Hasty FAHAAWE AlF (Scanning Electron
Microscopy, SEM test)¥} CT-Scan Test(Computed Tomography Scanning) A& & % 3j
olx2ZE FAYE EFE AHE AFSD dAEE FA4Y AVAEYE A FES A

O B Ao A= Steel Powder, Steel Wool Fiber @ SlagE A}8-3to] Z}z} H7MAE Sz
NS JaAstR L =3 zH2to) HAAAE st AdS T3

O B3 Z}7te]l H7bA H7hE Fd Hrh b Aol ol ARE ZATE T3E AlHY AT A
Feo 35 sHES P

2. 9HEA H7HA

O Steel Powder : 2H Qg 29 Fdax AL Ag5o|n 3DAS, tholopE= Fi 5 tpgst
el 8 95 F shvoly FEE S f% A HIMAR AREE

O Steel Wool Fiber : @& A3 o] 7l e Au52 A7|7F S ZAEZHA FEe7td9S

A A7 = ARE-S

719.35 Steel Powder (SP) 7191.36 Steel wool fiber (SWF)
.12 SWF &4

T= Steel Wool Fiber
Ha 24 70~130um

T 7.18(g/cm®)

Z0]| 4~4.5mm
PN E 80(W/mK)

H 37[(mm) 19 12.5 9.5 4.75 2.36 0.6 0.3 0.15 0.075

Ofm

2H=2(%) 100 100 78 5 1 1 0 0 0

=T 2.933g/cm?®
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O Thermal Constants Analyzer< 1¥H.37> #H]
O 77y H7HAE H7tstel £ AlHe ¢
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7}. Thermal Constants Analyzer 27 ¥4

O Al FHE ofAdE ZAYE TFE AHE 2E AEE. 119 AJHE Ag7]e &8 ¥x
Thermal Constants Analyze 245 =3k Ky AAA 9o 1749 AlHE &8s =
xc-)lz;fjk

19 .37 Thermal Constants Analyzer

L}, Thermal Constants Analyzer A& 43}
(1) Steel Wool Fiber(SWF)

O Steel Wool Fiber7} % 7he o} gE 382 AFATNE 6% HA7F 39S W AAEES}
U 6%F 2Hete ERES HVHAE E£ste] FAAE AFsheE AAAA AR SA =
dako]l vl on E3E 797}%] 7b 3% RS e Aol yEE

O mekA, Steel Wool Fiber(SWF)2] dAwF oo &3 A5H A5 giEo] =% A
EoldoA B 98-S FdsA X3
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il
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35

| ——
g Control [ 21730063 128920052
- i
E’ 25 :___H
é .I.-‘ = —-E i SE—— ' :
g/ $ :
E = ‘ = 4
T‘E. 1347 0,061
£ s [ 150020066 | 2.005 £ 0.071
=
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0 ! 23 4 3 § 7 § 9

Steel Wool Fiber content (%)

139.38 Steel Wool Fiber 718 of~ZE ZAYE S35 XA



(2) Steel Powder

O Steel Powder #7}st o} A~ZE FAYE TIEL 20% A7 S o dAEE7F 7 =k},
20

<1R3>AY AAge] ZARFE AAE T Zreti

O Steel Powderi= Steel Wool Fiberet th24 2 ez olA~2RE ZAPE E3E A2

FAQAY A £4) BAE e 22,

3.5
% 3.0 Conirol 2.330£0.114 |
= | 2.151%0.079 |
3 — . g
£ 25 .
= / ' ¢
] !
S _ \ -
£ ¢ 2.484+0.047

. :

73 2.0 t
= | 2.331zx0.084
E
= 1s - 1.900 +0.066

1.0

0 5 10 15 20 25
Steel powder (%)

19H.39 Steel Powder #7149 ofA~ZE ZIYE E£8E dHdEA

(3) Steel Powder(%) + Steel Wool Fiber(6%)

O

O

Steel Wool FiberE 6%% 1431 Steel PowderE 7247t th& 3 #HS A E35lo] ofA~FE
F2AYE E3E FAAE A FE

<P A40>5 A EA Steel Powder 20% Y w 7 A E&0] =4 YERE. Steel Powder9)
Stfo] F7leheEE AAE §80] =2

Steel Wool Fiber 6%%#-2 F4 A2l AAEEE YEW o1 Steel PowderE &35t A3k
A3} 717 G bR SR B e AAEES e,
3.5
03 +
1.0 2.503 +0.067
% Control .
£ { 2.212+0.132 | @
B 25 _,-"f i |
= ™
= ' s .
- o $ 2.601+0.092
5 20 L/ .
= i’ - 2.330+0.070
g
= 15 | 1.900 +0.066
1.0 . . _
0 5 10 15 20 25

Steel powder (%) + Steel Wool Fiber (6%)

713 40 Steel Powder(%) + Steel Wool Fiber(%)% 7}
OJATE ZIFE EFEO AAEA



(4) Slag + Steel Wool Fiber(%)

O Slag® Steel Wool Fiber
ARSI = O =
Steel Wool Fiber 8%°]%4 &3t%w

O B3t Slag9 Al Powderd B &

The rmal Conductivity (W/mK)

SLAG-5teel Wool Fiber content (%9)

713 .41 Slag + Steel Wool Fiber(%) 71#

olJATE FZIOPE 3=

(5) Slag + Steel Powder(%)

O Slag®t Steel Powder 7
o]l TS ddE

Thermal Conductivity (W/mK)

P =34
T oEg
33
30 Control
J"l:.
I
b
25 f.-"
.l"‘ll. '
20 i, - e
1570 = 0.066
13
10
Li] ]

19 .42 Slag + Steel Powder(%) 7‘1‘:
o} AZE FZIOYE =3 E

22310079

_/] odx%c/d
GEY NFAB}E <29 42>9 2ol

1 2370:0114
. |
23514+0047
[ 235120088
15 20 23
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SLAG-Steel powder (%0)

',]Oﬂ

THE ob2TE I ANIFAH}E <IHA>IH Fo] dAF
stehel= Ao w YERE. Steel Wool Fiber @ #H 7HA] AF8-3 wlzk7bx] &
A= &&o] HojA= Aow YEH,
A FH7HAl EF AAFL EAF BASA g
3.5
0 7| o 2.223 +0.063 2.339 +£0.052
Py
a5+ f
. §

r..-" : 4 (']

2.0 ; = H
" " 2287 +0.061 2[]65- +0.071
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(6) Slag—Steel Powder + Steel Wool Fiber(6%)

O <19 43>& Slag-Steel Powder + Steel Wool Fiber(6%)7} 318 o}~ E S351E9] AlgAyolt)

&
Steel Wool FiberE 6%.%2 143+ ¥ Slag-Steel Powder $F#S Z2A35lo] ofA~RE FZAYE
g2 TAAE A%

O A& A3} Slag-Steel Powder $F#o] 20% Y Wl 7F #& dAEEE e o Slag-Steel
Powderd#&o] 5715 & dAdEEE e

3.5

| 23630067

3.0 )
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o / | S — | &
E / i -
B 25 / a e e ¥
- — 1
- / - - . : .
E / A 2621 £0.002
g P .
Y a0 ‘( = =
= 2.360 = 0.070
E L= |
= 1.970 = 0.066
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SLAG-Steel powder {%6)+ Steel Wool Fiber (%)

719 .43 Slag-Steel Powder + Steel Wool Fiber(6%) % 7}%l
of~RE FAYE TPE] AL
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O A7IAF A& A7 2o
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o S P s e e
O A7l A@AFAA = 19 of~FE ZALE TPE AW
Analyzer H| 523 W o = 1719 AP As
A k7] Alell A4 s}
o

Fiol 1= G e Ewe RN 243
=40l 7be e

(1) Steel Wool Fiber

Thermal Constants
S, obelel &2 & 7]

aE /\]Jq,4

O AZNAZEE 4% Wl 7B =% 6%L W b @A vehd. <ad4s>adzs dyEd

35
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g > :
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7] | 3+
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Steel Wool Fiber content (%0)
1845 SWF #71d ofA~ZE Z38E 2¢gES HdH

(2) Steel Powder

O Steel Powder7} 715 ofA~ZE AP E &E£35E AHIA = 5%

EIpAR: X

9 3%tekr} 10,

AYE
15 R 20067k & Apol& dEF WA Retal 288 20% S W A7|AZdE dEhls vl d gol

AEOR "oy,

3.5

3.0
2
= Contral - | 2.11330.152 |
5 ; | 2.075+0.199 o e B
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g . i
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= k.~ = B
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(3) Steel Powder(%) + Steel Wool Fiber(6%)

O <I1HAT>E AR Steel Powder(%) + Steel Wool Fiber(6%)7} 715 o} A~ZE ZAYE
AHE uf9- B4 AFS e, Steel Wool Fiber 3 6% % 114311l Steel Powderd]
SHFS 5%Y F7HAA AlHEE Ax3E ¢ AV|AES SA457] 8 vEHS FA oy
Steel Powder g#o] 5%Y W= A5 10%Y wWe b4 oA 156%Y w= A5 20%Y W+

stFow EHEd REs YE.
3.5
3.0
=)
g Control
= e - 2.016 +0.079 '
= 25 Vi | 1.898 +£0.151
=
=
= 4 k2
© 20/ i :
P Y4
s :._ L ] §
=]
Tas®\ |
&2 | 1.68910.138 | | 1.793+0.117 || 1.768+0.038 |
1.0 t f J '
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Steel powder (%) + Steel Wool Fiber (6%0)

719 47 Steel Powder(%) + Steel Wool Fiber(6%) %7}
ofA~AYE FEZIgE E3E9 H|dHF

(4) Slag + Steel Wool Fiber(%)

O Slag %<& 1433 Steel Wool Fiber?] 32 zHzt 24 slo] AlgS 1&gk Steel
Wool Fiber F#o| 4% w] v|d o] 7P =1 6% o 7FF e <18 48>S Aty rd
Steel Wool Fiber 6% H| & #Fo] 7+A43la thA] 8%ol H|E#ko] F7hstste] A3 Z3FS 1ol

o) O,
5 ™.

£ 1

— 3_{]‘ T
=
g
= Control 2.031 £0.112 )
& g5l 7 | 1981 £0.049 |
£ /
£ g _
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5" E 3 8
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(5) Slag + Steel Powder(%)

O Steel PowderE 6% % 1431l Slag S #HS FA3FIe] olAFE FAYE T3E FTAAES
A zste] AlES g Slag T #o] 7SS 513 Wyt glo] €AsHA] ¥ s
e

35
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E. Control  2155+0100 | 213320152
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SLAG-Steel powder (%)
1% .49 Slag + Steel Powder(%) #7}%
ofATE FIAYE ETPEL HEH

(6) Slag-Steel Powder + Steel Wool Fiber(6%)

O Steel Wool FiberZE 6% % 11433l Slag-Steel Powder & #S ZA3lo] ol ATE ZAFE
E3E AL Aol 8L 38 Slag-Steel Powder 5% W 71 =& w)d#HS el
20% Y u 7 A2 vd s el A7) Aol dAS A e AES YERY

35
30
=y
B =
5 Control r——
< s p sotichdirhes 1.058 2 0.151
s
§ ;
] ®
W 20+ / o H
| s/
R L 1
2 'y
@ 15 ]
17359 20. ,,+ |
=048 LESa 1LY 1.788 £ 0.038
1.0
(1] 3 10 i5 20 25
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5. FAFA A A 7 A3 (Scanning Electron Microscopy, SEM test)

O FAMAA dnj7d AFdL A #3E o~ E FATE E3E A|Ho o] ARA HIMA
o}AZE nloly o o3t FE R EAEH 1 EX JHE EgE dAL §88 B35

el AL AT,



1951 FAFE Y A Al (model s-4700 Hitachi, Japan)

7}. Steel Powder FAFAAEW A A)g A3}

O <1Y52>& 49 Steel Powdert of2BE wielEe] ofw g Felz E4l shH=A hEh,
DE PE Hol oABE vIY AEW P HWe] TojH

b

s 2

&

1 35,
Kunsanuniv 5.0kV 8. 6mm x800 SE(U) 5/25/2017

19 52 Steel Powder A& W] 7 Al A 3}



L}, Steel Wool Fiber FAMAAE0 7 A3 23}

O

O

<719 53> Steel Wool Fiber?] FA}AA#A 17 18 o] Steel Wool Fibere] A S -zt
T AS,
<19 .54>2 Steel Wool Fiber iuj& o] Igolt}, <9 53>0A & SHQIE A &gkor}
<aE 54> A AHHHE Steel Wool Fiber7l of~2ZE ZAPE T3dES WEV] A A&
AHoteE 24 254 S4E BEEe 890
o], of~ATE FAFE i@%% e JA A BT E4S VA E AoE AdE.
T3 Steel Wool Fiber7} 115 HA B 3E 314 ZEst AR HIA B4 d= AL 2 &
I U o)A R 6%FI 8% O]’z} 2 7FE Steel Wool Fiber o} A~ZE ZAgE E3E A|Ho|
AELEY A7 A g&o] "Wojx =4 &elgh

o,

WO 0mm x

19 .54 Steel Wool Fiber FAFA AU 7 A8 A2



. |
50.0um Kun 7 100um

. AstgZ=% 9 F A (computed tomography scanning, CT-Scan Test)
CT-Scan Test A8 A=A HNAE HI7LS ofxFEe EFFE9 ¥F
X5 F9lsly] 9 Add. CT-Scan<1¥H 56> F3 &3d= 9
MATLAB(ver. 2013)& ©]-&3}o] o|n| =] 48 Fag

1956 CT-Scan (model - SkyScan-1076)

7}. CT-Scan Test Al &4 3}

O <I1H5H7>& CT-Scan AN d A3} 1ol 92 —1¢o] ¢
ZR2IOWE AFgste] olu xRl A g gl A Hio] HIMA BEES YEida H2A
B2 A4 % ofAZE vy BES e

<13 58> Steel Wool Fiber 4% #7}3F “18lolm <18 57> Steel Wool Fiber 8% WEFH

a9, <agh7>E By we IS YEUH ole ¢ B Yo HUMAE T T
NS & F Yo <THL>S Auuy A HEo] Wo] T3 o e AL Folg 4
Ao o]= Steel Wool Fiber ¥t} Algo 2 &gto] 2 x| u uF HA AA E3F 7S
3} o] &)

=1 - .



19 58 CT-Scan A& 432

<AYE>E FE HAA 9 Steel Wool Fibere] #¥=2 YElyl, 2%, 4% % 6%¢] &S
FEEL U2 s H19E YEl g 28y Steel Wool Fiber 8% 745 & W
el thEe] Steel Wool Fiber S-S 118 X5 Ho|x &a AR JAYS] 1
Holx = Aoz e

1.4

| O SWF2 + 5WF4 o SWF6 4 S5\WF8

Ratio offibers area (%o)

Height of specimen (mm)
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O <IaY60> FEE A Steel Powdere] X5 YeElY. 5%, 10% % 15%,20% = Steel
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<19 62> Slag + Steel Wool Fibere] 3 H]&-8 YElY. Fiberd $h#Fo] 8% o] X3+
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O ofA~ZE FZAYE TZPE AIFP AlEE AW $F vt Rgo R vkso] 33 3 AFES I
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