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Evaluation of mechanical properties, fire performance, and
economical striation on normal and ultra-high performance concrete
utilizing waste plastics.
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ABSTRACT

Evaluation of mechanical properties, fire performance, and
economical striation on normal and ultra—high performance concrete
utilizing waste plastics.

An Jae Sung

Advisor : Prof. Kim Hyeong-Ki, Ph.D.
Department of Architectural Engineering,
Graduate School of Chosun University

|f waste plastic generated in the ocean can be used as a construction
material, it will be very economically and environmentally advantageous
wor ldwide. The physical characteristics, environmental characteristics, and
economic analysis of general and ultra-high performance concrete using waste
plastics were reviewed to compare and analyze whether existing fine aggregates
could be replaced. Two types of polymer powder with components similar to waste
plastic and two types of lightweight aggregates were additionally compared and
analyzed, and the components of waste plastic were confirmed through chemical
analysis. Various compositions were tested by varying the replacement rate of
fine aggregates and the water cement ratio, and an experiment was conducted to
confirm the physical performance according to various compositions. Economic
efficiency and environmental characteristics were analyzed based on the
equivalent strength durability design. An experiment was conducted to reduce the
weight of ultra-high performance concrete by mixing waste plastic, an experiment
was also conducted to be used as a repair material, and a PC panel was designed
to be used as a member material. This study can be used as basic data for
research to use waste plastic as a substitute for fine aggregates.
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-~ e ) El Ol Tt [um No) = al
HHADNAM AIBE EetAE L DR ZMe OosS [H 1], [E 2] 20
[E 1] A0 MEEH= E2tA2E 2N
. Agaregate
Author Type Shape Size (mm) Replacement level
replacement type
(a) 2.6 )
[175] PET Flaky 10 and 20 vol% Fine
(b) 11.4
(a) Strip
) Kept at 40cm by .
[108] PET (b) Square Thickness : 1 ) Fine
volumetric amount
(c) Irregular
) (a) <4 )
[92] EPS Spherical 25, 50, 75 and 100 vol% Fine/coarse
(b) < 16
Length :
[3] PS + PE Fabriform 0.15-12 10, 15 and 20 wt% Fine
width @ 0.15-4
[85] PS Beads/granulous 4 20, 40, 60 and 80 vol% Coarse
[82] PET Irregular 0.1-5 5 wt% Fine
[83] PET Irregular <4 25.64 and 16.95 wt% Fine
[110] HDPE Flaky 4-12 10, 15, 20 and 25 vol% Coarse
(a) Flaky
[176] PET X . 2-16 5, 10 and 15 vol% Coarse
(b) Cylindrical
[90] PS Irregular <4 10, 20 and 50 vol% Fine
(a) Lamellar and
irregular .
[21] PET T <20 7.5 and 15 vol% Fine/coarse
(b) Cylindrical
granulate
[109] PO+PET Irregular <? 10-50 wt% Fine
Plastic Annular .
[58] o <0.01 10, 20, 30 and 50 wt% Fine
bags cylindrical
a) Flak a) 2-11.2
[13] PET (a) Flaky (@) 7.5 and 15 wt% Fine/coarse
(b) Regular pellet (b) 1-4
[18] EPS Irregular <1 10, 30, 50 and 70 vol% Fine
a) Flak a) 2-11.2
[126] PET (2) Y (2) 7.5 and 15 wt% Fine/coarse
(b) Regular pellet (b) 1-4
[42] PET Flaky < 4.75 5, 10 and 15 vol% Fine
Modi fied .
[67] op Short column Length @ 1.5-4 10, 15, 20 and 30 vol% Fine
(a) Flaky )
[77] PET 1-4 5, 10 and 15 vol% Fine
(b) Regular pellet
a) Flak a) 2-11.2
[177] PET (2) 'y (2) 5, 10 and 15 vol% Fine/coarse
(b) Spherical (b) 1-4
[33] PP+PE Spherical 0.18-2 10 and 25 vol% Fine
[57] PO+PET Irregular 4.75-6 10, 20 and 30 vol% Coarse
[73] PET Flaky < 4.75 5, 10 and 15 wt% Fine
greater than
[60] PET Flaky 475 20, 30, 40 and 50 vol% Coarse
-5 -
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[E 2] d8HA70 A EE= 12

R

N

; Aggregate
Author Type Shape Size (mm) Replacement level
replacement type
a) Chipped Chipped : 5-20 25, 50, 75 and 100
[69] Tires (a) PP PP Fine/coarse
(b) Crumbed Crumbed : 1-5 vol%
Spheroid-like :
. (a) Spheroidal-like 0.02-0.06/1.7-2.1 )
[52] Tires ) ) ) ) 30 wt% Fine
(b) Fiber-Iike Fiber-like :
0.06-0.1/2.5-2.9
. 5, 10, 15 and 20
[63] Tires Angular 10-20 Coarse
Vo 1%
4 (a) 1.18 10, 20, 30. 40 and ,
[70] Tires Crumbed Fine
(b) 2.36 50 vol%
. 15, 25, 35 and 50 .
[38] Tires Crumbed < 4.75 Fine
vo %
. 4, 45, 5 and 5.5 .
[50] Tires Crumbed 0.6 Fine
wt%
. 15, 25, 35 and 50 .
[80] Tires Crumbed 1.44-2.83 Fine
vo %
(a) #30 mesh
[54] Tires Crumbed (b) 1-3 5.33-21.11 vol% Fine
(c) 24
(a) 0.5-1.5
[93] Tires Angular/flaky/elongated (b) 2-8 2, 4, 6 vol% Fine/coarse
(c) 5-25
. 10, 20, 30 and 40 .
[88] Tires Powder < 4.75 Fine
Vo 1%
(a) 2-4
[33] Tires Chips (b) 0.8-2 0-20 vol% Fine
(c) powder
(a) 0-5
) 10, 20, 40, 60, 80 .
[51] Tires Ground (b) 5-10 Fine/coarse
and 100 vol%
(c) 10-20
(a) 3
[55] Tires Crumbed (b) 0.5 20 vol% Fine
(c) 0.3
. (a) 0-0.6 10, 20, 30 and 40 X
[79] Tires Crumbed Fine
(b) 0.84-2 wt%
[66] Tires Crumbed < 4.75 40, 50 and 60 vol% Fine
[111] Tires Granulated 0.5-4 10, 20 and 30 vol% Fine
. . 10, 20, 30 and 40 .
[65] Tires Irregular and jagged 0, 0.0063-8 . Fine/coarse
Wi
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) 15, 25, 50 and 100 ]
[178] Tires Crumbed 0.075-4.75 vol% Fine
. 10, 20, 30, 40, 50, .
[179] Tires Angular 4 Fine
60 and 70 wt%
. (a) 0.6 5, 10, 15 and 20 .
[180] Tires Powdered Fine
(b) 0.3 vol%
[56] Tires Granulated 0.15-4.75 5, 10 and 15 vol% Fine
[86] Tires Granulated <11.2 5, 10 and 15 vol% Fine/coarse
Rubber-s
[181] hoe Granulated <8 10 and 30 vol% Fine
outsole
[182] Tires Crumbed 0.7-5 20and 30 vol% Fine
[183] Tires Angular <10 15 wt% Coarse
. 10, 20, 30, 40 and .
[68] Tires Elongated <20 Fine/coarse
50 vol%
: 10, 20, 30, 40 and .
[79] Tires Powder 1-4 Fine
50 vol%
[184] Tires Chipped greater than 4.75 5, 7.5 and 10 wt% Coarse
(a) Chipped :
) (a) Chipped 4.75-15 12.5, 25, 37.5 and )
[75] Tires Fine/coarse
(b) Crumbed (b) Crumber : 50 vol%
< 4.75
) 2.5, 5, 7.5 and 10 .
[185] Tires Irregular < 0.045 t Fine

H3E SctA8 ¥ 1N HIIZ2 =&t

=ME

Hel ZEe 0l E(PET) 2 HE ZEc/Z2Zd(PP)2 ZetAE
= JHX &

Iz

MHots =H=20/CHB. 232|E ZHEZ A=) J
= N HelSICH & BW, ctEoll EEA S 2 Al
k O MOHGHOF BICH. Ol ZZAZS B=6t=dl =Q6ICH. S BM, DM o
A = A

El=2 ‘_—.:O:I ol 2|
= T =2 A

oF A =el =y d&

PETSt PPRIAtE &AH

Collection @ chosun



[

HE

o

—

2IAE|BH(EPS) BT &t ZopAEll®@l AR 2]

MKW TE R W Wo & - RO
WRm g~ Ul oy 7
Yamm T o
o — ) < 110.
) < b E .. > =z
WMMA W;ommg W_ma+m
=25z 3 e oy n
_ O .r@_..m IH 20 = Al = K1 il
RN TEro
=00 5 X = § 5 X3
o WS a2 D=5 %
I A S = _ 0
OR xS k Ty o
Smza = HBEH B KT
0 = ~ - ol &J
50 Xorm M A__ﬁ_;.T_om
o oz 0 20 e O 20 oF <
Ko M HE S H m A BRI
S0 nHe #W L o5 g
=) Do >W T 2oy
K oMo w RO o 2
= dPa Qgag g M s
- &M — = Ea) o0 5
T Al 0 WL oF 30 = U
o_u__ o mw 11 A _D;.T_ 5 ol B wm 0 o 53
31 -~ I = =
A T (T TR
iy <y J|J < RO = Bl &l @l
0D _”__.3@.__H_J|WA <r |A_L
RD _D;T:Dﬂ_o__,,%e_la 3 kRS =
ol LW__E@W:IDT%_ ow NS
o matgEEsEAl mEau by
L O Ros e Fow W o
oM ST EmE, T Yoy
it 5o p) W U ~ — W o w 30 )
ol o=
0l __u;u I L |
Gl K>z S zsm Rz
it .o W g oW nl g — 3 [
- N R~ O®R W0 - o S
X0 W3S < ER s O 3ol

[AFEL 1] AIHIE HIOIAES

“Collection @ chosun



DTHﬂJIEQWImﬂMCWﬂ
Mo =M S WS W8,
LDTZEﬂDT%EDTmmré_:_ﬁa___
SRR £ T S & I i - T
o:I_;._o___:__le.Tmm_u:__mﬁﬂA
Do om Y s d W
"R PN RGIR SaE
W ST RSN ol
WERsruwg stz
. < _mwE o Es A g o
T o uIgz Wm0 n Dy
= FRocfal i T
CIRN O 1 R s T A A
R0 wr ol O ™ ol oF T 0% Kl X
N I H WL w T E K g
Har™d almuls®
Tq|o m::ﬂClTle_C._m;A_um_.wlaﬂwu_”_._H
=) T ANRE I ROS M o
B oy B @y oo B0 =]
= EL_L.1mﬂDao.,o.ﬂl_uo:._o_=_D|W
T EA_.D_.D_.D_.IﬂomAu._A
3 _;._Em_._m Ao Yo
" ol K Ko [
_"M\W _|u__xa__.___%I._mmo_._A_uJ_.NOa._L_I_m._.AM__
- L e R U R B A=AV = =1
W~ R _-gaMmdund=gKd g
— - - T ]
Hdr Do mFoso® o g
=< - N T s . o= = S ¢
- S onatgEwmzodeg
— o ol 2 ) or B =X 5
W m_.___._.mo_ﬂ_.AoJmle.E_uAno.__._]aaﬂnw
" Tour s o O = 3
. N _._.__mmEA_'Bm Jvo_e[c._
x L i e RN
. B L =S S SO T
o Wonh gr & wr of = 00w E o4 T %0
- < = o S = = ol T
o g gu s g <8 or M
< mz s sdsBE s S 2T0T 0
M J) < oF Kk R0 &% a3 Q @ A ™

& 512 3

b [AE

Al A

Collection @ chosun



0
al

-~

Kr

=)
iof

_A
Rl

ol

oI
A

2 ol

ctAEO 2

E=2
=

o
[S=Jyu—

Rahman i %!

SOH=FUACH

B

S0l et #dO0l

Contralled sdditive feeder

Raw Material)

ara o
)
Fine mietal magnet
S|
\__/

o
'
ct

End Produx

Q

Cyclane

Meater

Shipping

Shredder

Fabric Separator

Shipping

Safery screener

Screcner

_10_

Collection @ chosun



WETs Wl W B

wilE &%@Eﬂﬂw@ﬁﬁ@%%:ﬂ 530S BT

1 1l Hamo____z%m.&%mmm,mem U R T
S wWE R oA B S NV D E Y| Y
£olol iy O = = © O o U m R @ o oo o
Ul Ol{n, |2 T o 4T o 2 s R S Y o o o .
R T 0 T R =R Mo

A= (T Mla_EAWH___ODWLEAW S oM, x2 Y
N SO @y W SR L R g
e B Y ey, = sEo W5
o__aao_:__llmMIIXH.mm mlﬂr.cjir

0 |_=n__=3mﬂlmmﬂxfwu|o~=_:lm LIRS mlE o)
ur o Wor ™ R e a = oomi= o e B0 Mg, OO
| o o — LK - = 5 O

o | |5 _ 400Lw__|a=__az_x=_x1=_ﬂéumﬁ a W dss53
20 | |oo|z0 /0| %Eau__cwae_o_emj.am__uo Ar == Yol
Bl PRER s FalZalEXypioms R
o xO_JXl@B% e ELD&NHEHJDI ol g ;mﬁ_m__.__o:,_%lm
1Y 0J |5 o < = 0 = [ oM = g B S O
= ::m__xm_o._ﬁ_ Mt — = 5 - B XK D_._;._EHSEQ
= pm oMy pd RN RK _ B D
= = = O om0 _ o S a1 B — _J._m:ﬂ_mmx_j
il = AR oo s =" g WX o R m
o DMEaﬁuA_Ji_u_ oo 8o E g e S B
Ko &% _ < O &y Z M o< o 8% o w2 =

B HOA_ A__.CMH_ W X0 4 @ = ol S M KM K K0 ol
ml w3 mdmg Wa & bg 10 8 M -

— — _JI__J._ — ._||L.I.I__0 __¢_._a o =
™ =Rl — 32 .rn_:_a_.m,. Ao,A_.Aﬁ__O| _u_.__lu_ nDDOM/..__Om
=8 a._xaﬂﬂ BH_._ueLun_E ~ &l |wmo__._nM|rH_._ E_ammmmnouﬁu@e
= ok| OF = = 1 = of = KR o1 Ol 3 S ~ = S = - _ W
200 el X 22 = Woom T R = =En LD SR
Sofed M I I R = Kl < ) ujo l J Y] Bl ) o o3 ol Pyl
= 5| oF _ ol m/wzvo_nﬁo] ﬂnTM_.._Eﬂo_E_,._o._A.o o) ~ D_.LL._.N_.WE._N_.4DJ
TSmO E Im_ﬂMmaE__mozaaﬁa_wm_%%aﬁ@ L R
N_D;.T_EE mﬂmE_EWEmIoI_M_O__&%WW_& T P U
W Wy W= 2 RED g I mE [ tomYUER
aﬁﬂluﬁ__uﬂﬂ.ﬂpﬁao ]_Ic___omm_lﬁ @ﬂ3~o|,=,._3|_.n

- & T S ol &l 0 _ H o I
aE x| B JEe€pW =R £ o B _;u sr WS R
0|KF BJ _._._A_.mﬂ m.MWMMoJA _x_ooaj”._._.,“awﬁn/_ qu:.___U__do_D
™ = N P — =, — =il
H_Euz__mmuwTuo__ﬂo_emon_ma_emm N dT_ﬁ%_EEﬂ

D ol 83 o8 = 80 D o) g 3 o < = = =

3= o0 L 8 S =2 W =0 %0 51 5 MM

11

Collection @ chosun



33

%
<
il

of e 23cE9 HAHH

O

Mendist®

b ULk,

Rl

Ok
~

J
~
KIo
ol
X0
ol

-

Kr
6

=
Ko

70
sl

-

Kr

ol

3

0
Ok

HoAL D

0l

H

ur

!

NI5E

=)
o
ol
=
Rl

wr
<

oy
[l

£ 3% 2 UM=S2 AISULH

o
=)
]
ull
U

)

il

Colangelo®! =2 i

Ju

£ Jtd 23e2lE

M 35%

ICH 50% Al

%%E}A\EI

Ch < 70% O JHHZII =0

20 ~ 50%(

=
-

=

=

eH
Z ol AEl

e
[m]
4

=

=

F

J

=M
<

1500 kg/m*218! Batayneh!®®

ol
=

£ UERRCH.

9]
1.34 g/cm®2 2 2.61 g/cm’el 22t Bl L& ALY,

H

ol
Islan®! S2 & 21y

JEN
(e]3

[ —
4

Me A0,

=2
=

= 0.9 ~

2204
=

Mel Hse

purn
— 0/ =2

ot A2

N

2F
(=]

b oF 4%~10%

H

_12_

Collection @ chosun



! [62]

s
kJ
10
I3

(a) EEH[6”
[AFR 4] ®Xt+ S01&F

]
[l

NaOH Oxidant . NaHSO
Rubber Clean Oxidized 3| Sulphonated
=1 = =
powder rubber rubber rubber
[0 2] D9 2 Hxel pzl

Asutkar® S2 DS 10 ~ 30%2 NP 2 AlE2o=2 2IP|EQ o9 =242
2

IO 28%DFKI ZAAIZCH D2 SO 20%01 232IEC LZ&= 1900 kg/m’L 2

_13_

Collection @ chosun



WS JII
o O L A I R H|
A< 0l N@EHOH____&EIEE__EXA a:_,~
m - i 10 L B m___ oo S g e
o o S o ool 5 O = ™ O 5] S N
€ o LT A e
DS D s e BmMms Wm0 s W o
~0 O <k 0o oy — A <0 4 ol o3 ~
> T Emvj_#a_ﬂ.tom_ o = o [
2 & _ RN S g 2 ol & © o o) o m
& - m_;ﬂ__g_%%v,?m%%%@mmﬁ oo =
= o QlQ%Dmm__;_ea_l_ﬁ%oa% of 0w Ml
S s Uy g EOU YD Y STt ¢ 2w
< U im._EoH_Zur.a:oa_M_ o gy - & L2
& - o 5 Y m _u__.co_aowH_: ol wu —
ol oF o O T & W Hmiw 5 S Ay -
Wo,oJ ﬁu_._mmméOx_vloﬁwm.m.o_:m nd _J_.I_LM
== - 0 QMWEM%D.JHmMm yy O Mo
s M W ss S Hologt— B ogr B g O 22 M
° s S 3S Mg W =R = AT
= OF mlM__o(H\____IA_.__mOTAO . s R oW
P o_\_o_EFEA._TAﬂAO _.AmH__lw;ED ..|.__”__|._._|
nr el LA I T LUl = ™R o
— w0 o KU AD 0 W = O = om =
= R Us o ool L
= B A oo~ w2 B0y 100 LA T
A _ o L = U Klo K K3 Ol
ol = _ ok 5y o O W_ o2 g Mm < = R0 ol gy m_@ " o1 o «m
= = HHEAEHOH_A_.@O %a.___ﬁwmoo ~ < Of
= R IR i o =g g m -
ol of ,___E%__raoomd:ﬁgm N W Qe
ﬁﬁ = ﬂﬂmoﬂﬂll%mzomo%wwwﬁ_%_[ - _J._mu\ﬂy_wo
m : or ol,o____o_u%HMt1E_%o:a._n____mMH _ MQMB
U g LH <] = u 0] X maa._too_ = ol e o — =
S8 A <l w0 Ol X0 o |y = ° o< U = W _ 7
1T} N0 AU Wl o W~ m o Ko = E
_— . ) _x_._. n g 2 o = — _m_.a AR SO = A n0 RV x
= oo &2 n il oo oz :o%___fmﬁl eI I Cosr A=
il gy ot O . A_maMw_flrm_DEMMw r T o
= .= dAmSegamo” o AR
e oA - F 5 P o W ko moR R
= o) Al R A ). < R
_fmam_mé S<AHmMS S o= G
Co_A_aﬁ__HoﬂH+4O_L ~ & — <
= o) BRMCOUN &2 o ol —~
oo &

ENIE!

H OlAl

[¢]

B Asol o

=]
1=}

S =M

- 14 -

S A

al

M 2

Collection @ chosun



110
10y
N
Ky

o
00
80

oJ
RI
K0
i

o3
A
]
A
J

R
ul
Uk

O
an)

4

nO

H
n0
K

-

ol
ok

T

N

O 02 =M AIBIE ALOI

o]

ol

o)
&)

ol
00
30

ol
fill

_

10

13
K]

o)
30

ok
~

0l

o’

F

= 12 ZME AEA 28 XM= X

O NaOH M2l 152 NaSils Xel

Hel* S2 KMn0, 2 NaHSO;

i

ni

NaOH X cl

Ch 48.7% =3UtLt.

ot g
S T

=
=
=

I

o
=

HclES

==}
[

o)

bA7.7 ~ 72.2% &

=)
iof

TA
Rl

T BalAE E2HO

|.

&
Ho Xt

i

0

(0]
[y

DI, 23219
=2 o

8 Ao

9]

NI2t = A
=M A2

_—=A

LIPS

DIEs! [:|_[72] ]

ol
i00
80

oJ
Rr
K0
jijs

H
A0
KO
oJ
oy
S

o

ol

ar

-

K
g

ctAES Sde=z

IT

=

=082

| 2010l gACH™, Colangelo!®”

10%2 =Xl

It

0l

M~
o3
<+
i

ol
oll
3r

0l

AU

OF
0

Ju
o

N

=
=

f

=

iof

AHOIOIl D1

hund

M HE

Rl

=
=

b O 2ot LHEFSCE.

INL:

=
0
ol
=
Au
o
_uu_

ulo

X8k Ganjian

ol
o3
<+
ioll

ol
oll
ar

il
KO

z
o]l
1
JI
Bl

Ok
r

0l 20%,

_15_

[:|_[73].

=234
Al

ol

==

oAl
50%2!

FEf
40%,

Ol &

30%,

Collection @ chosun



LHICH. D2 2 IELE MatZ2 0I0ACtD 2 £ AJCTT. NaH EH=
AF25I0f D2 SUHE AME Helsh A2 QA 2T A2 Bs 4 Q= gigi ()
QUCH. 10% NaOH ZHOIA 0.5A12F S0 NP ZIE MH2ls A2 MH2lohK &
S 240 HIgh QI LEE 2 15% =2 & UACH . Benazzouk™ S22 D =2
T DAHIO20 ~ 30% AFOI(RD] < 1mm)Y T 2 18%2] Q& A& =IIE &l
ML Ol DR SE4o=Z 0 A0l MIE X L0F THEH SHHIF XA E 2D
M20l2t] & £ AUCH Al-Akhras@ Smadi™™'& 012 SASH 2= BDMOH,
0 2= D200 o8 DO XIBHHIDF 2.5%, 5%, 7.5%, 10%(3JI: < 150 wn)Sd
oOH, 2E EF20| F2AZI Bt 252 E2UCH Uygunoglu@t Topu™= D
2 BN B0l SIHEHN M2t FAEIF 2ARMCD BIR/CH. 10 ~ 50%(3D:
1~4 mm). Pedro®! @ G1RZAIS 0| 2AJ ITZ0A 2IACIEY D2EL29] OIM 7
AX QAN JIQISCHD SR, MBtROoZ DR ZIHel H 038t =Xt
solE [ QI = g AT 2AS X6 A E™2IAl 21 1 mmIt =
5tD  BQLCH

HE=2o HARNA Z2UHAE 2o D= 2ILIEQ IR 22 E4LE =
JFAIZACE. Colangelo! S2 =32|E9 COZ=A0| 2+2F 10%, 20%, 30%2 <
19.5%, 31.2%, 40.1% ZItst 8H OOl (2 E282 9.0%0H A 15.2%2 ZIHUCH

H A

T ASICH Ol Z2HAE 2T 20| SOIXHAM 281 2I(JF 20X D 220
HEI| RO0ICH. lucolano E2 DE2EI29 URA =10t Z2tAE ZQl 0
Aol Xt 2|9t SEHOI JIQIECHD HAHFXICH Da Silva”! SE2 Z2tAE 2
el SEEN HHOR Qg HAS 24 |TZ H20/2tD HHEIMCE. O A0S,
fe DA DO ZPIAE B ZE0| 2Uot)| W20 HY 22 =X 2 Uwt
SZHECH RACIEL 2 20t O &2 22022 UG HCE. D2iLt Safil® s2 gt
O oI ZDE AACH, ZtAE 2T 20| 30%(2I1: 0.01 mm)Y I SX &
U2 QG 2ARIEL URA 2 E28 L2AI BDEACH. DLt ZctAE 2T
g2to] Zot= 2ARIEQ UIRADN E282 SIHAIAL

Collection @ chosun



=
10
ol
=
Ay
oF
_Iu_

el

ZdclE®

—

—

| 30|

o

. Fadiel™ S

=M Ot&EtX2 0F =M

2t AEl

Itz

=

3+
i

[
3

0l
Bl

|,

ioJ
00

E M

i 10%2F 20%

Rl
ok

B
%

130
oI

:1.44 ~ 2.83 mm)Oll Al

g (321
2to

o
e

oto)

35% Ol

c o

O

Sj [80]

UL,

HH

an)

3+
D

S ACE.

=0l
—

Z IOt

(o]
=

JI
z
70

o
K
<

o

8%
110

ol

i
<

nO

3+
0D

[
X

Pedrol®®! =

e

oJ

i

T

O

o)

ioll
i
0D

[
<

0l
HH

e

110
__2\_
K

15%=

=M 10%2t
Girskas®@ Nagrockienel®'2 &2 37|

OF
r

l= g

N

| DIt 0l

O

T
10

Rr

i
<+
K
Y,

=
o

=
Rl

ot Z3clEZ

Mz O

Rl

=4

& =0l

0}
10

J
i
ur
<+

ol
HH

o0

ol
(=3
A

wr

ctA

il

El’ [82-84] .

SH
PN

St

KA

0l
K

o %

E
=01 St

AtEst 23¢el

Ct =00 10 ~ 85%*12] &9/ HlLA ACt.

K= Botas

=
=

A8 =Tl 20 ~ 80%

%EJ.AEI

o

0
K-

)

¢

ue

A

=

Silva* 52

N
4 gls = HR0ICH

A8 =

%E‘})\EI

.
1o

Kl
l

ol
00

.
10

4

~nO

o

K

Ju
o3

<+
o
2l

Mo
M0

ol
IH

gl

Ju

Ju

0| YOIRCID BpACHS®,
0

=

=
-/

=Mool H

R0 4

b
ctAE

A
T

Iz

=

o
TT

F

X
9]

0l
HH

O

gl

0
1o

00
i
Al

Y

o0
™

X
J|J

OICt.

=
[

[z =201 O HII M

A
e

=
0]
ol
=
Au
oF
_Iu_

K
3+

JU

180

A

_17_

Collection @ chosun



=M

Ol Al

—

[86] —

Bravo2t de Brito

Ct.

H ==Z0| 43%
o D2 =M AJI0 Tt =

53

0

D4~ 7 mm)Oll CH

wHblg 15%(22I

s

i0J

J

o &

PO ROHKI D BHE H =0t

[«

=
-

I

2

=
=
=

Sukontasukkul 2t Tiamlom®'2 ¢t
D> 4.75 mm)e 232

£ LtEFRLCH
30% OIMI2R(=2DI

=)

S > 475 m)e =82 0.13%ULH.

N2(37]

=0l A

3

Al

Fod

kd
It

ol
A

o)
ol

_1H~
0
o

O

ﬂ
ol

-

)
0
o~
E

ol

W
3+

J
<

nO

W
3+
)

o0

Al S
=

=2

E|,[76,88] )

H

AN

x3|>3

o

S EL

A=

ObM

=
=

12 =M ZE0l ZO0tN2 7HHO|

Ct.

H02 LIEHGCHE!

Ol Metel=

=

Zoo

K

A
e

00
=<
1o
0l
oK

A
(H0

Wang2t Meyer %!

Jdeflt ZelAEldl Z(EPS)

]
00
=

[}

0F0

J_élj

Mz AFSERUACH

e
=

of

0

o 2 EPSIH SZA

o
+

tI1
|.

[=)
o

2tA S H |
Ferrandiz-Mas@t Garcia-Alcocel e =286 H

o

=

Ei 2

H
=)

Ul
iy

KK
I

P

HYHUC

Olet

=
[

SEE &asS ZAAI T

[am]
-

bk Al A

el
—

=2 oly
=2 =T

R0

10%2H 30%

W

-

(0%S] EPS)2

vl

Et

=

sk

0l

X0
180

H A

o]l
Jy)

Ol Al

—

—

F

ol

Z 01l

EPSOt

o .

Demirbogeal®’

T
10
Rl

<

ol

ol
o

J

o
ol

=
o
ol

Rl

ok
~

R

ol
00
30

i

Ok

<]
Rl
)

P

=l

00

IS

H
ol

0

=
=

24
=
&dxel

=
=]

Ol HAR0A=E 12 =TIt

6
Kd
n0
ol
RO
m__m

KJ

310 et et

EEI. %Dd

S 4=0ot|

L& 0l

off Ol CHEt

=0

delE

M

_

J

oll
i
Bl
Ok

0l
ulo

Paine!®

_18_

Collection @ chosun



2
A
2
O
Y
00
%
>
0o
=
Al
Hu
x
N}
9
[w]
H
10
NII[d
=
JJ

P
Z 0.1 kg/m* Ol&9 HIES H, Ol= sZSolill IR £2 ML i
otOd, LB 232IEQ HL 56FJ| 0l 0.3 kg/m*RUCt. SZ 8ol MEHs Mo
oA 4% Ol&e DR =ME ALZoH0F &tlt= B0l =2oH0F &tCh. Al-Akhras2t
st I 0l =

OL8OI E0lt) SAR/UCH. £ I =

LS DINZES ZAAIZCH S0l NaOH Xelel D28l 22 1Uf =ME =Jtot
OO U2 sZ2so M0l 2EEHAL. 22 26% NaOH S Xel=l 17
=M AlE=2 0.50%2 et AlEEZ 0.8%RACH. Ol S99 Xcl& 10 =2t HOol
AE MOIS ITZ U 22 Usdd 230 2

Z40l AN ZAE0 M2t SZ 8o &40
P

Kou[90] S ZEctAE 2N S0l SIHEN et S22 02 S0 st
M&Ad0ol SIHCH. A0l 5%0 M 45%2 Sois M siE & Mot (2
SEANA) 36.2%0 A 11.9%2 ZACH. G2 0l BEI E0HE A2 2t
AEIO BEER EAH0| P32 0|22 ERE UUI| MR0ICH Silval® s2 =2
d2lES 2= Itz QI E2tAE =M 0| Sitdle HeZE =2 &3
2 010l =0l <A

(2). 12 2 &t

Thomas®!! S2 OIMZM DHE D2 20| 0% A 5%2 ZSIHetol M2t f52
0|2 EES0| 2AMMSS LA, Li® S 5 IIX SHUAM g2 o2 2=
Il ZA0l=E 0I1RE QEUIML. NR= BI2EN st 22 FRES 2AA
ZO. & UMz, 02 2Me A2 202 SIHAZELEMN 2 S5=01 &3
CIEN EEots 242 2UgACH. L5 Onuaguluchi™®! S HIAE ZDt D2 2Tt

_19_

Collection @ chosun



02
ol
Mo
4m
&
0x
2
o

p'ﬂ
o
0x
o
L
-
oo
0z
>
v
by
|0
HU
o
o
0
20
[w

W

JIE 2I2IEN Hloh Z2tAE2 HOUMEAN 2IRIEQ FI| N2 SIHA
QUCH. Nilil® =2 10% ZetAE HII22 DM s I M&ts0l I
0, Ol= Z2tAE 2o Z sz Qs 23A2IEQ LTI}
=ote & QUCHD 2 DEUCH. 23ARIE W JI1Be2
| ES42 M) HEgs2 2AsROL, &8s JI=

5t01 ®J| MBS0l =UCH. Sadrmomtazi® S2 A HI20 I A
DIXIXI =CtD XIEZMCH Ol =400 e CIOIEDE 285 B
I IF 48 0f0F BHCY.

i

it
0 2y
o g 10 2

|.

P

2

0
Boox 0@ & = o

D=2 M ue oy & A
Ol

82 09

~ 3542 HHES
2 BN we HE

4
AN
UCHD 206U CH E£8F NaOH Xclel U2 =MHE AtEset
=)

HU
_2‘:_
|
o
Im
10
o
S
>
o
°

(s
K on
nil
o
o
[m)
|
Y
[
rr
k_| ol
Iy
[
1]
oy
o

0

=
o
IS

zd
Qﬂ
=
i
HC
;O
[w
=
o
oy
Qo
=3
3
D
o
8

10 gn oz OF ry
o ni
ro
=
QO
(@)
T
J
o
<)

|’D
x
>
A
>
0o
o
Ol
N
v
0 0
=2
==
S
o
oY
0o
H
%
on
)

2 k)

CIACH Ot EIIMe ZAE 2| ol HIXIBIESO0l 50%E SX == &

MN7&2 Jlsd |4

ULIHMOZ ZPIAE TS &1 Z2IAE9 AT S0| &I 20 LAEE
of 2F™ol HaE=s 0O|FMCH. EPSS) IAZTES 0.04 W/mKOl =SDrstCol
Yesilatal'® S22 HZEglAE o2 ZJ|EQ YMTS0| SXMolH 24810 2t

Collection @ chosun



N <l S B S mE T BB RAU S
Tmw g < 5 GuETwsEE 9R
=OAC O W o= TR oSS T
A K <o) A RO gy BT A Al =momo R YT 5o
aﬁ_ﬂm_w__w_ﬁam___ or oo BWm_E%ﬂ__@HITDH
_ ol <l & A0 _
<R %a_o:m,_mu_;aw_r. o____Eipﬂmwu_Aro%or_ﬁ
m_m_%gu. M5 mom o g OEE%E_EE_&_%;OJ
| &) or = H & S m & U -~ K of
83 = m < o
moa s T or @ R g ooy M2 =2y
- - S . W [ L W g —
™ ¢ < ioJ H ~ o) S0k = 10J = o N R = LH an
I S I A Doy & Ao BB
I /mOT___}Muxmﬁo____ sl S o N8 &[S &K
O = - O Rl 7 o . = = — o8 . —
_@%wﬂwa%wx%% me_ﬂmquuwwmﬂ_E
N~ - == = I -

AU = T S ORdAER @
D = S U e B B oof gp N W)y
AR 3)Bo Ib._|_.._o| _.._=_le - N0 O N
S SNmpy U2 S TR = Ko &
DK KU <o oot g W e Ry
F@%%NM%EH&E ﬂwwa__mmaomg_wom
= A< oE — ol ] X N - N <
Wil ™% @ wg WERST =0  Vhs
.A|WM;.&|_UO_._ 0% 8u TAWL_A_LTAD_'m/wa._le
mmoHOA_'u.__.__ooJ._.__“_Lmu _n./|6Lo|,_.._E_|u_3|..A|_L_:M_
S o Woaogme YU_Tog RS mulor - o cof X
¥z e g ME  SSmopon sl
B _ mrw=-em®WsdEs & o " @ ;Yo
O _ 8N R S oM AT S gy Oy R s A S U
__ooOmaaolx._lo.rD._J.__ﬂ. _ % Wi o & B
= L 8 ol H D H ©® M
—_ o _ Ar o S il _ TH Ko = .AJ:._Luo_, . S s
S f Ol = Jo o = K o = PR an&ds=s
;_o E_ w0 X0 O3 . “_”__.Ew%m _,.__.__ m_AumE 1] — =0 & W
n o= — KO X0 O o o= Uloio an z O - nl w0 3
U _ O % ol O O s — K 7t & o0 N
Wax._:,_mwwgomm__._n__%lgo = a_.a_.OHol_lr?_oB_ m
0 MF Moo RUAC 00 &S S = A__J._:ﬁﬂ:_ojmmc._wme
HegsHgesods o & X TR FCRWS
mmmaPeswXem & mawmy ™y
ol 1 n ™ D > " o

RE6 ~ W Kot ol s 22S w0 B) 3 16 Ar ol [ &%

OICk.

[

FZ0HAM 22 301(2

LJ] [

AN

o

HCtH.
A

AN

ol

ot

=
[=)

2 3JIE =

o
_21_

0l 2%0 A 17%=2

Jr 232 &0 o

[
02

[e]

:0~0.6 mm)
J

3

(321
2

o
Collection @ chosun



I T S = 5~ m B S RE<F ™= 00O
T L L = R 5 e =
o) jyor o __Ao_ﬂ_ﬂ%_% ol M s e A w MO w5
muzoo_e of M = <Ll ow ™Yoo om oo R <
R Ep B o0 8 T 8 <l &< U0 m W = A2

o Oy = 000 =53 o KD S 00 Mool AU e
ok IRy DO S WS LB o, O
R oo g mE 8 N3 G m oS g o1 O A ar

O R TR R LN S T v ot ® . <
JJJ oo oD o= ) Ar L R

= v " K{ B ol oD 5 <k 2 - M OE — oA
ﬁAm;__mu = 5 M o < d _ O a_zem_%_n____
LRI T o g o O 2=
WasSs e 0 sog_ Va8 o o BB

= 0 g g O B oo HE o X T T
= = = 0 I 0y oW ioD 3T

ol 00 X = <t 0l H . =2 % or VY /3
MRNE AT 0D A ym o oY L5 Ao
ol <+ T ™ 0D Ui S m X = o O Hu I3 X0
E@EEHATE_E = aﬁwm W o M. oa
E&ol.xf+__o_ﬁ@umo __o%%ulol; =y o 5w
Z ooy O o MR o _ = 3% K ok ol ° =
- S =W SRS UxsMR
e I TR I LT m 2 "W B = ™ S it
W = 2 s oWy 55 3 W o, w2

S5 3Sc® W oy o K Al w_ = 0
L [ Ty Y 5T wsE = w e =
. Mz S ptow_ 2 0ol © % m SITIECE
5 M55 Tz pwm ™ O o ogp % a1 S & I
lof _.A._Ml._l_.A:_oI._a |;_oo__“_DAo/on|ao_. _.H_o__=r3|.__o|—|.,|
5 BR_mems =3 =" sy L =
9w g2 s L B wSzso o
i M= Do £ = o gy M S T ow Yo
G WIS Ty Tl ﬂ__o___:_:mngEmu. g m < H
d mugRzAowd = _NshAapBgE g ToeoZaw
— S == % T - _I_|
0 _m,_a -ﬂmx_ow.nl_xaom___:o_g A E_%MAO___MJDE 4 %wmﬁmo_e
0 w_zag__wMMmuﬁ b WS Jon T oo o B TR
- Y 58 =s 8 _ N MO My o505 o R = a oo w
R R O m s T S - - B S (AN
o T o< AMss WO < M T Woor W oEt = ol & o
TAE 230~ 8 o 3o U X oot < o [ I T

_22_

Collection @ chosun



0.9 ~ 1.34 g/cm® 051 ~ 1.2

D2E2 232EN AIEZE H3M(2.61 g/cm®)2t

i

tCt.

[¢]

g/cm®2 NZ SA

Bl

, B2
=
=

CHAietCHH

ME

prn
=

gu 02 =Mt &

ctA

i

0l
K0

0l
3K

ol

o)

=

=l

U= Z2Et=22 232

A
.

ol

(m]

=ME AtEat

F

i0J
Ao

ptl}

~
33
S
<

~nO

ICH 30%MtKl &

st

I D2 BT (Rubber Aggregate)= Z22EI29 23

El
=

et
S ZAAR=,

i

il

LH
n0
i
ol

2eol o

OflcliE ZZH AYME AHOlS]

Ols

ot =M AHMe 2= 20 =0l

2

i

-

ol

ol
w

g0l

t21 M-=0ICt.

o

=
[

o

& Ael

=

=2

g 12 =M

3+

=Y

=)
o

o)

+
i
il
)

i

0l
ur

ol

Hu
H

o]
3 o3

=
o

ol
Rr
RO
ro

oF

[0

=ct

a2 3019

o a4

Ole O J1¢d

| ol

0l
3K

ol
Rl
oF

Xl gt,

5%
<+

an

010
H

0
00
=
1o

i)
Al

(HO

[
B2
e}
o)
ol
o0

o)
&
Rr

ol
uir

o)

Ll
ol

Rl

OF
B

]

wr
<

i

ot 1

[¢]

Ct34 &OITHoH &It

X

ot
<+

ioll
vl

0l
Rr
O
iof

ol

D

Ll
K

i
iy

KJ
ol

ijd

_23_

Collection @ chosun



S Al

dlol3

T

=

JPN

T

=

Het

0

Z2=2E=0

K3

100

H1E A8

<

]l
=

B
33
s}
r
IH

o
1o
0

Rr
ol
)

H
nO

Ulo

. A

33
[[®)

L

ol
ul

0

o}

i0J

0D
of)
ok

A

nO

0l
wo

iy
=)
Bl

100

FOI THEHIE D CO,

[9)

tHE 1A

i
—

HE AOIS

b Al

ctAE

Iz

=

QA

HHE2=2 H
A

=

=2

Jlehe
H2&

il
]

Wi
=l

J|J
s}
o0
IH

=ME

=Met A&

et

Z2=2et2 € O/Al

U
=
oD

I
Wl

=)

UL,

3,100 ~ 3,300 m?/kg2 HIEH=EZS JtXl1

1502

E

o
=

OlAL Al

H

=]
(mm]
-

A

=
=
=

FO4 ASTMC

=
=
N

o OIAl
A

. T

=

=2

(OPC),

sHat

E

=2 EAEHULH
Al
|

[e]

ICH 5 wt.% Ol

S

[CH 5 wt.% 20

K

I Z AFOFCEH
32 wt.%

4101 LS QUCH

3

=2
=}

b

S
=]

=
[

S
S

T
frurd

b

d2 [

olul

F

[t

S

ZcItE2=4 A HRWRSl 10
— 24 —

= UAL2H, 0ld

e

St
=

2.47, 3.5, 2.820ICt.

Sctol HE ot

=<

al

a

H

g

Collection @ chosun



[H 4] OPCS XRF &tatE =4

Oxide OPC for Trial 1 OPC for Trial 2

Ca0 59.9 60.6

Si0, 18.6 23.0

Al203 4.7 3.4

F9203 3.1 3.1

Mg0 3.7 3.7

Na0 + K.0 1.6 1.9

S03 3.8 2.6

Cl 0.05 -

Etc 0.9 0.1

LOI 3.6 2.2
HIIE &ole S24AAl 2XHHUAM =Holl EctAE HIIlE2 MEZ2 gz 2
WA SM3IH 2diola =22 SALH. HIOHAH U2 HE2AE Zd0l3a=
[AFEL 6]0I LIEFHCEH. 240132 SHeE 2F 0.5~ 1.2 mm, S&HI= 5~ 15 0lU
FCH. 240132 10 mm M= 100% S atF D, 1 mm M= 0% SUHCH. 2dI0]
39 Aoz Qo MHIIE 240 2st X A S2EE MAIGl=E A2 2010+
QCH. Metd M=z OIMHLEsE SE-X ($UCH. Sd0132 Hizs2 s 232
=2 F H SHEYJYD, O 2= 1.26 £ 0.30IUCH. HIZS0| HAII KAl =
clOEel HAZEYOIE(PET)= 1.28 ~ 1.38, ZCIIIEUIOIE(PC)=E 1.20, =]
HELDS(PVA)S 1.20, 0l Z20E HAZEHOIE(PET)S el AIZET
0l HALLCH JiHE ZcH Eole Zciogeal(PE), Zcl=Z=zZ8I(PP)0l 0.982
UCH. LILZE2 1.04, ZcIYsHIL(PVC) 1.400ICH. Ed01329 &30 2322

0%= HIAHE RAUCH

(a) HEHOAN MF=C St
[AFEl 6] Il
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f2E2 Zg22 =8 dHlg2 [H 50 QUAEC. S22 S-AIHE d]
(W/C)= 0.30~0.60 ALOIRIC. OIM ZEE22 & RUNAN SctAE E0129
d Hl=2 0, 5, 10, 15 & 20%2 &AL, E= W =dl0j32 =1L HIE=2
o 10% OILHRACH. 0.45 W/C Olotel S22 Z< HRWROI HESEIRUCH. HRWRS &
2 W/Col et NIEUL2LH Sclol3ol 2ol HBEX LUACH. 012 SAHAE
=SdloI3oF 22X He Eg=22 A2 Jtsdil OlX=s g&= #2lot)| At 20
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1. SctA5 2d10139 &t

_|0Il
Jm

AW, 822 2= Z= 0.1 ~ 2.0 wt %K SZE Cl s&EE 20D o
[H 6]01 LISZIQUCH. SctAE EN 12620 & ASTM C 332 Eget 223clE ¥ 2
SEI20 et sMHE & A8 25 =2 st= 0l Metol 8t Lt

BICIZ2ehDOF K== AFEELD JAsE mUlAE 28 E223cES] =0l Sat=2
SHHDE UALDH, =2 UWRE0l 28 ZIACIES ZS 0.04 wt.% OIEHKS F
4009)22 REEZOUUCH. 0 AWM 2 2= EEFEC 2N =gl 0 2
= SctAEH0 ZA2ENAM SoHE gE2 E&E NS RGN =Mz AME
ot floil HES ME SE0| ER06tChs XS LEFHT

[H 6] HSctAE Zd0I13 822 C s&

Sample Cl wt.%/plastic
1 0.148
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1.456
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1.481
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1.547
2.041

) & 90 AIE (2 100 g)2 100 kg SctAE SH0ANAM PARAZ =T UCH

OO N DWW

Xt
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i
e
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x

AN HEAE Z¥0/39 TG/OTA 2HS LIEHH
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0.8

~06 S
g =
<
O
- 04 8
0.2
0
0 200 400 600 800 1000
Temperature (°C)
[0 3] HEctAE Zd0132 T6/0TA =4
FT-IR & 2t2t AEEZ2 2128 [Og 4] & [0 5]2 SAIECH FT IR 2
diol32e etgt AHMEAHAZ2 O AJZUA PETRE RAIRXSOH PC 2 PVA AEES Dt
UXIGHAl AQUCH®I [O= 4] L [DE 5]0M=E EFE D30 Hests =28
OlM PETS 2t&f jEﬂé*OI NERUCH. [0 4] & [0 5]0lME PCOHIA ZAL

=

= FT-IROIA 1770 cm™" & 1500 om 't 22 OIE2ICIZ(CH3)E It 2Hse A
LFEFLEX] Q4QECH!™ 181191 - 1708 om™, 1224 cm' 2 1018 cm 'S E&SHH FT-IR A&
HEZO| PVAS = T3AS [D 4] [DE 510 HEGH AKX LUCH!
21 pyAQl 2HoF ATMEAS (H,29 X C-H &S L C-H 20l sHZLdt= 2912
em' L 1440 cm'OlA S OHSl M3ADH HAIZAXICH OII0 UEFLAI QECH
[116,121]
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110

-
o
o

“\,_——-Vf
= |
X
= 90 O-H C-H ethyl
Q hydroxyl (2970 cm-")
= (3432 cm™)
£ 80
£ C-H
n phenyl ring
g 70 (3054 cm"")
= C=0 ester ‘ |
1713 cm”’
(1713 om) CH
60 Terephthalate group  pending
(OOCCH,-COO)  ethyl
(1240, 1124 cm™) (731 cm"")
50

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-")

(08 4] HSctAE 20132 FT-IR AHEH

2500
Ring CC
(161‘ 5cm™)
2000 C(0)-0
Ring CC streching
. and C(0)-O (1284 cm)
= stretching ’
o 1500 (853 cm-) ’
= ‘ C=0 stretching
) (1722 cm™)
© 1000 ‘
=
Ring in plane C-H bond
and C-C stretch
500 (1178 cm-)
Ring mode
(626 cm")
0
0 500 1000 1500 2000 2500 3000 3500 4000
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(& 1)

Olcish A&t J1=5H01, 232IE 0l E2tAE HIISS 1vol %2 AFEotS,

ScUHAE 9 ~ 13 kg2 ABIESl 2F 20 ~ 30 kg= O &HIIoiOF ot B, 2 =
g2 a8 A2 UEHED

A= UM "2 30t &= {IX0 Met Ch=C 8T IS 2 0PCet &dA

Dol HIZE0l 22 773 /kg & 253 /kgOICH. ES20HAM Vp2 1% SIt= 232l
Eol AIMEN st It IS 2000 A/m’2 SIHAISI1 2ei HIE2 580 A/’
S Zorst 4 QICH 232E 9o P2l JiA2 18 ~35 MPaSl & H= Z=0 M
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uso/m’, = Z232IEQ 22 I8 & 2%5 Z2tAE9 1 vol %S AFE0HH ZIt
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Ch (E&S2 M6t gats ggs =010 fd 2%, 2 2 A=), O
Lt 01242 EXINA ZMS HEAAEEH =2 2122 WA SAESE 2
M SEi2 Z=HIok)| %’-IEHA—IE SctAE 1kgYe 250 ®/kg 0142 HIE(=EXINHA
LGl EctAE HII22 3BEHIE)0l YMstH Ol AXIN Tt CH=XeH &
A= HIEW dlxotHU O 0= RS 2A0IJ}CH. £ 2J2EN Uet SS
et =5 gdot)|l Aol SctAE 1ked 167 ~ 250 & 0142 "HIE= XI=oHOF
etCt. WMetsd, 23clE0l tiet 0IA S1UZ BICHlA HSctAE kgs EEote
|

A HES & 420 222 AMEJALH. 0l= st HIIZCH &f 80% =ULC

AV AU, AU, gna AC,, ACupi | ACOycem
! (kg/m?) (kg/m?) (%J_/ms) (91/m?) (kg/m?)
1 26 -25 2000 600 24
2 53 -50 4000 1250 48
3 79 =75 6000 1800 72
4 106 -100 8000 2500 95
5 132 -125 10000 3000 119
6 159 -150 12000 3750 143
7 185 -175 14000 4300 167
8 212 -199 16000 5000 191
9 238 -224 18000 5600 215
10 265 -249 20000 6250 238

&1)1) ACcem, ACsand: 202t 175kg2 2 RH=Z Z3A2IESQ m30lA OPC ¥ 2e2Hel HIZE H&t
) =W 0PC ¥ A D JtAEE2 2+2 0.09 USD/kg(772 /kg), 0.03 USD/kg(25& /kg) 22 F=H
) OPC 1tg €02 ‘:DP S2F 0.9g 1ed[136].

(S 2 )

SHE, 2IRIEE (0, L2222 A0 0IXs 9SS Tolots 20e T2 H
SCACH. OPC AMANIAM €O, EHEC 2t2 0PCel 1t & 690 ~ 1,000 kgOIRALH, &
o Do HR EMN X2 D2f 1te 3 ~10 kg OICH™ "™ [T 8]0l LIEH HiQt
20| OPCOIl CHE' CO, SS8 2t2 0.9 kg/kgOPC2 DEEAXICH A 2242 0=
PAEACHSET ZpLAEIO] | vol % E Jré 24kgol Z2tAEI0l HOIEAD, 1 kg
ZotAElS EOIGH)| SIoH C0, 22 1.1 kg2 HAE £ QUCH FFFO o130
2e, 1 kg Z2tAEQ e Hel o_@ B 222 0.255 kgl00l AtSsdH=
Ao AMIACH T 0] 22 =2 N0 BIES i JtA 2= MR0ICt. 0l=
SSE AT DIt 28 HIB2 12560 X 2AEN HEAAEZ ARG
S5t IR X220 SHAYE0l SUCHE A0S 20IEHH
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CHAl ALRSIACH. ZR0 M2k, UHPCel QI& UGS = 28R 84 Z2) 8K%2
22 DA 2, A ZASHA LJACHW. DL A Z2l HdRs LES
of High IR =2 Z2HI2 0ol R2EI29 REAZS IH ZAARCH 01AH2
JIEC OIM 2t MHE Z20E IS0l DIN Z2tAES ME6s 242 20t
S5t BHCE.

[Z 10] OPC, &l2|19t 2L =FMO & 24 U 22/X E4

Silica Silica
OPC fume powder
CaO 60.6 0.3 0.2
SiO; 23.0 95.0 97.2
Chemical Al,O3 3.4 0.0 0
emica
MgO 3.7 0.6 0.3
Loss on ignition 2.2 2.2 0.9
Other oxides 4.0 2.2 1.2
Physical Mean '?jnr:')%'e 16.1 0.3 3.9
properties — .
Specific gravity 3.15 2.30 2.65

Measured by the laser diffraction method in accordance with 1SO 13320-1
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(b) 0.45mm XS Z2lHIFLRH(P1) (c) 0.28mm X2 ZIHIIREH(P2)
[AFRl 8] S0l AI2Sl= 010|322 Ze2tAE =M
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(a) 0.65mm WP X+ &0/ 0I0IX

(b) 0.28mm P2 Xt &0O|Z Ol0|X
[AFEL 10] (a)WP & (b)P2 @

XSl &01& OIDIXl

100

80

60

40

Percent of passing weight (%)

20

5.00

Sieve size (mm)

[O8 10] OIA St

I>

El Qo oD
—/ — o

g =M MIIE 2t 232 E0 et OlAl
&9 H& X 3Dl (ASTM C33)
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[ZE 1] HHEE

Propo Weight proportion (ratio)
Speci | "ion
men mic>)(felb Silica | Silica | Silica Water | Steel
seres i It?tc( aggregate OPC fume | powder | sand Water reducer fiber
imi
%)
N° 0 0.000 1.10
50 0.110
WP 100 0.147
25 0.094
50 0.188
P 75 0.282
100 0.375
25 0.079
P2 50 0.157
75 0.235 1 0.25 0.30 0.00 0.21 0.06 0.20
100 0.314 '
25 0.143
50 0.285
ES 75 0.428
100 0.571
25 0.269
50 0.539
SCF 75 0.808
100 1.078
a) AIE 0l OIM EctAE T= BAESTHe SF0 2ol ZoHRCH.
b) ASTM C 23001l et EXE ZERII e N S22 22E2 ZE22= 250+ 10mm
AULCH.
c) OIMl Z2ctAE L= FSSMe E& &A= ASTM C2300 et Z2HEAU2D, O]
AHRe D2EI29 Z22ES 110m 0I5H2 RISHEH
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(2 12] 2clA =4

i Flx. Str. Flx. Str.
Spec] MI)EeabI pll/aftsct)fic s’/{egfl Density C?'"ﬁétﬁﬁféuﬁ“fﬁg) Co_m%'e;tro‘ur(i'\fqua) (MPa) (MPa)
Dgﬁlm ”.',"it /LAo fibeor (kg/m°) - Water curing | - Heat curing
series | (¥ | (vol.%) | (vol %) 7d 28 d 7 d 28 d 28 d 28 d
Ave. StDv. Ave. StDv. Ave. StDv. Ave. StDv. Ave. StDv. | Ave. StDv.
N 0.0 0.0 2.01 2523 123.4 8.1 168.8 7.5 196.7 3.2 194 .4 1.6 50.6 3.0 60.8 2.5
WP 50 9.2 2.74 2353 95.1 4.8 128.9 11.6 161.7 14.9 160.6 10.9 36.8 4.2 36.5 7.8
100 1.9 2.65 2318 77.6 22.0 104.9 4.2 143.4 19.9 150.6 5.4 29.3 0.9 43.4 5.7
25 10.5 2.69 2294 102.8 4.0 125.3 2.8 148.3 6.4 154.2 6.1 49.6 5.6 61.8 5.1
P 50 19.1 2.43 2163 91.3 2.3 110.3 2.8 120.9 7.4 119.9 2.4 42 .4 6.1 46.8 1.1
75 26.1 2.22 2055 77.0 1.5 85.1 4.0 9.8 5.1 103.0 2.5 41.7 4.9 38.9 1.7
100 31.9 2.04 1965 68.4 2.1 81.6 3.5 86.1 2.0 86.5 4.7 36.9 3.7 42.5 2.4
25 8.9 2.72 2305 9.4 7.0 118.1 7.2 147.9 14.2 150.5 10.6 55.1 6.3 62.8 3.3
po 50 16.4 2.50 2191 78.1 4.6 102.9 10.1 115.4 3.5 117 .4 4.7 37.1 3.6 44 .8 6.3
75 22.7 2.30 2095 75.4 1.8 90.7 2.7 95.4 5.5 96.8 5.6 35.2 2.9 43 .1 4.0
100 28.1 2.14 2013 68.4 2.1 76.2 3.6 86.1 2.0 91.4 2.2 35.3 3.6 45.6 2.5
25 7.4 2.75 2398 157 .1 16.4 177 .4 15.7
£C 50 13.8 2.56 2374 119.7 3.5 178.9 28.9
75 19.4 2.39 2353 124.9 11.9 141.5 20.3
100 24.3 2.24 2334 107.5 8.7 B 140.4 13.1 B B _
25 14.9 2.51 2318 167.1 6.1 180.2 7.1
SCF 50 25.9 2.18 2248 146.5 9.9 161.7 13.1
75 34.4 1.93 2195 147.9 5.9 154.9 7.7
100 411 1.78 2152 148.8 5.2 154.6 4.4

Note: Vfis the theoretical volume fraction in unit volume of the mixtures, calculated from mix proportion
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2RI /AL, SHAE Mage 28 I =2 el =301 8 FudolLt 0l
2 3§ NEl= 2 X0[Jt gl A2 Wa=CCt
220 : 220
20 °C curing 90 °C curing
200 200
© ©
o o A
< 160 F g 180 4
£ 160 L™ L £ 160 L ##
g i > & k.
@ 140 A7 & 140 1
0 - 0 1z
= & = :
E"’n) 120 f{ £ oWP series % 120 /§ +  oWP series
- o .7 X
s 7.7 o P1 series 5 /7 o P1 series
§ 100 g P2 series € 100 E/i * P2 series
Q s \ES series = ¥ (' ES series
80 % e SCF series 80 SCF series
EN aN
60 60
1900 2,000 2,100 2,200 2300 2400 2500 2,600 1,900 2,000 2,100 2200 2300 2,400 2500 2,600
Density (kg/m%) Density (kg/m?)
(a) 20 T 24N A2 (b) 90 T &M et=2
70 80
20 °C curing 90 °C curing
60 70
.
§ 50 ﬁ " g I :
2 [ ] 2
£ w ¢ ¥ -
540 | T l I } 5 ; ¢ { }
Bt g0 | g l
o 30 . o
5 E 30 |
3 ] 3
20 o WP series o
L o P1 series iL 20 ¢ WP series
i P2 series P1 series
N 10 oP2 series
N
0 0

1,900 2,000 2,100 2,200 2,300 2,400 2,500 2,600

Density (kg/m?)
(c) 20 T LM B2

[O8 1] 22 2o 2=
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1,900 2,000 2,100 2,200 2,300 2,400 2,500 2,600

Density (kg/m?)
(b) 90 T LM B2AT
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Ch. A4 = 0] A MEHEE HE HIIoH|I= HABKE, SUHAEHE &7
ANEZ2 222 F2&= 822 SE B, NHHE AlE2 £22 g SN &
NS =QIGHRUL.
1.0 1.0 30
08 08 &
10
206 S 06
) z 2
< < < 0
904 o 204
-10
0.2 0.2 20
0.0 - 0.0 -30
0 200 400 600 800 1,000 0 200 400 600 800 1,000
Temperature (°C) Temperature (°C)
(a) WPS TGA/DTA =& (b) P12 TGA/DTA =&
1.0
0.8
©06 N
o S
< <
©04 A
0.2
0.0

0 200 400 600 800 1,000
Temperature (°C)

(c) P22| TGA/DTA =24
[2& 12] TGA/DTA =24
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| Beforeburning | | Aftersoo‘c |
| Amer200°Cc | | Aftersoo’c |
| Ameraoo°c | | Afterio00°C |

EEEEEE
i ) S i
[AFEl 13] 200~ 1000 T2 AWM 2Z0 == =

- : P1 series
I P2 series
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1.1

1.0
=)
=2
o 09 1
E I :
5 I
o 048 T r T
= —a—N
—e—\WP 100% +
0.7 + ——P1100% -
——P2 100%
06 ! !
0 200 400 600 800 1000

Temperature (°C)

[0 13] D20 =5 & AIES 2

[AFEl 15] CT2 A2HEH 1000° C 5 &, & AHO 25
“= ™ : (a) N, (b) WP 100% , (c) P1 100%, (d) P2 100%
C WP 100% , (g) P1 100%, (h) P2 100%

)
| BES Y2 FMOZ HAI)
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[#5]
(8]

30

—_ N (before burning)

X 25 | —a—N (after 1000°)

% —e— WP 100% (after 1000°)

S 2 -P1100% (after 1000°)

g —e—P2 100% (after 1000°)

215 !

®

=

E10

&)
5 //'_f
0 -— R ‘

1.E+02 1.E+04 1.E+06 1.E+08 1.E+10
Pore volume (Um?)

[O& 14] CT AMOZ2 HEE ABH && 2
[E 13] 1000 CTOHIA &3 = UHPCLl &EE X&
Specimen N | WP 100% P1 100% P2 100%
Penetration
: Ave. 8.5 Ave. 27.9
re(?\lﬂsgzr)]ce Could not be penetrated. Std. Dev 0.1 Std. Dev 33

He&d A &

HEcIAE 0128 AIE6I0d LZIF 2000 kg/m’, LEAEQF EATIF 242 80 ~ 90
MPa, 30 ~ 50 MPag! &g UHPCE HMIAE = JUJULH. HEAE 0122 g2z a4
SO 240U, dad e FEF2 otz 22F =+ UYL AL 872
AMECZ H2° ZE0l He Fes OIXIA (gACH. HEAU4AE 022 ALE8H UHPC
ot 918 BE =ME AFE8 UHPC2l 2=t 2= ALOISl ZHAHINE= 2 XH0IJF AL,

HEctAE S UHPCOI S&ot® 200 ~ 600 T2 "HRANAM Xt HAIL SMUCH H
SctAE2 da = Z2AE0I AXotd UE 52101 =3 =0 UHPCS =c2l& M
of UL, Lt 2d=0l 2o UHPCS HmHIE Mg = UACH
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[ 15] &Al2|9I8 22| & s&A &
Density | Fineness | Stability Si0o Alkalies | Moisture | Ignition Loss
(g/cm’) (cm®/g) (%) (%) (%) (%) (%)
2.2 2200 0.8 85.0 6.0 3.0 6.0 Olat
3. &M
= AR0HAM AtEst SHMeE SFAME AISOII2H, &2I9tE D222 EH
A= 17 mmE AIEotD, 2218 & & 422 U3 [H 16]0 20
[E 16] S8 Sc2l ¥ gstE H4&
Density | Fineness | Ignition Loss Chemical Composition(%)
(g/em®) | (cm?/g) (%) Si, Al0° Fes0°
2.65 2650 0.01 99.8 0.2 0.1
4. 2T
ABMH=E L& 2.65 g/em®, 0.30 ~ 0.85 mme LT 2LZE JiXl= JIE FHABS
HE2 AMESoIU LD, =2 =M= ASoHAl UL
5 E3HA
= 920N AtEet E3tdl= =W EAF A 2NAE 23ICEE E22I2
SAH DEs AEZEHE AIEoiD, 22ld 282 Us [E 17]0 &0,
(2 17] EgMe S22l 42
Sortation Main Ingredient Color Form Donsity Actdity
§ (g/on) (PH)
- i
HRIR poly'carbox'yllc [vory or Light Liquid . 6,540
acid series Brown
— 70 —
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6. X2
= 9F0M &=ME UXAGH| e 2ME 2IHA Ao el, 22 842
2 0SS [E 18]t 2C}.
[E 18] UM 2THe =c2&® &4&
Density (g/cm®) Diameter (mm)
Plastic powder 1.30 2.36 ~ 0.08
Lightweight aggregate 2.09 2.36 ~ 0.08
7. Lt BEEIE Y E48 PEEE
2 HI0AM AIEs BEEEIE2= AISUHA F0i Jisst LBtEEEER B2
D EEIE F0GIH AIZSHILE.
MI3& HHE I
0] A-0IM AtEst BHEHI= HAIE M0 XHSE Hez, dHALZE Soll
ZHLUCH. BHEHIE [E 19]2 220, X2 X8 "2 d7 S50 ¢
H &6 L.
[E 19] Hi&yl
0PC Silica | Filler Aggregate Water Water reducer
(9) (9) (9) (9) (9) (9)
Standard 5037 ~ ~ sand : 1438.5 935 0 ~
Concrete ' Gravels : 719.2 :
UHPC 788.5 | 197.1 236.6 867.4 164.0 31.5~47.3
P-UHPC 788.5 | 197.1 236.6 116. 1 164.0 31.5~47.3
L-UHPC 788.5 | 197.1 236.6 450.0 164.0 31.5~47.3
—_ 71 —_
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(b) M=et H&H
[AFEL 16] HAE AIE HA LE

t i L

(a) OHTf2® Ete A
[AFRL 7] EFE & IHDHS8HY HEHS 2E
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1. LT AEZ1
Higt2 2= (A= AMES0UHA FR0HE 22EI2, B= Ald Hig 222, ¢ Al
SUHA R0t 28 Z2E2, D= &8 g UHPC 22Et2, E= Zc2AES
EQI8t UHPC 2 Z2EIZ2, F= FH2ME &8 Z2E2) 0|0, EHEAHI 24
g 2RAE =F Zh= O20 20
[E 21] 2=2c AE 21
(Unit : MPa)
Curing Room Temperature High Temperature(90C)
Sur face Smooth Rough Smooth Rough
2.8 3.3 2.2 2.8
A type - Mortar
0.0 4.6 2.8 3.0
(Purchase)
0.0 6.0 0.0 2.9
2.5 9.5 2.8 6.7
B type — Mortar
) 0.0 10.2 4.2 8.8
(Exper iment)
0.0 1.1 6.8 8.5
) 2.6 4.3 2.2 8.4
C type — Repair Mortar
(Purchase) 0.0 6.1 3.4 7.0
Hrenase 0.0 6.9 1.4 7.4
1.7 15.4 14.1 10.4
D type — UHPC Mortar 0.0 19.0 0.0 17.5
0.0 14.8 0.0 21.5
4.9 18.0 9.7 17.3
E type — P-UHPC Mortar 3.6 17.3 7.0 13.0
0.0 12.9 8.1 16.1
5.3 14.4 9.9 13.0
F type - L-UHPC Mortar 5.9 18.2 0.0 9.7
0.0 13.4 0.0 7.8
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@® A Rome Temperature
@ A High Temperature

A Type

B Type

@ A Foae Temperature
@ A High Teaperature

. 25.0 o PES
=) 2
= 2g0 = 20.0
£ =
2 15.0 2 15.0
& )
=100 & 10.0 3 4
T
= (=) . A
2 50 i = 50 g
@ L4 [ & 2 e
T 00e ° 2 00e
Swooth  Rough  Smooth  Rough snoot h Rough  Smooth  Foush
Surface and curing conditions surface and curing conditions
(a) A Type BEE2T (b) B Type E&2AT
@ A Roae Teaperature @ A Roae Temperature
C Type @ A High Temperature D Type @ A High Temperature
= P50 . 25.0
o 9
= 20.0 =200 i
= e
5 15.0 B 15.0 4 "
& i) ®
& 10.0 H 10,0 A
5 " i £
% 5.0 A 2 B
& ) & &
2 00e S 00e ®
Smoot b Rough Smooth Rough Smooth  Rough Smooth  Rough

surface and curing conditions

surface and curing conditions
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He& HESctAE D2 &8s UHPC R0t E
PCIHE £

H1E A8l

2 HliM=s H3cAEE E0IH I Jtsgt UHPCE AtEoll R0 E
PCIHE = ZHGH)I 6t KS F 4735 2=dd 2DCEE 2HE JlEe=z S
JIHEEIIBHEAHE BtEols HES ZH0IRL. 2H= KS F 473501 JIME 2=
H¥232E 22 JI4d AOIX = GtLel Jt2(1200)«A2(600) S EHGHO & &
OtALH HigtE 2=ZEe E2T HOIEHE JIetez SHETI|IBHEHE e=ot
= 2 BHEE Jld AOIX0 = zAFNE 8t US, JIE NS WEH oS
£ HIWotAULC

H2& 2/F0tZ4E PC HE £

2 H7= KS F 4735 €2 € 23CIE WEsS JIELE SIHETIIBEAE
J|gtotol HEcAE S S8 UHPCZ R0t HHEsS ZA6HAL. WEel SF
= 2BE(C)0IH A 1200%600+60(h) mm® OICt. JI&E JIE A BLT= 14
MPa 0122 OIE 2r=oioF St LEZACIEZ MAE I3 EZT 14 MPasS
0l 235t04 uH'—*OI HEOfot= z4 oStES2 ot =ME HHgo TE HES MA

Sl 91t HE2 =4 SHE FOtE=S StLL.

Otch (A, 14)E ALE0IH JId=0l HE = A= 2AoESS 7€ = AT 1O
Os BHgEZ HEs 2= If V|30 s2st 2205 HEIES &6t 1
O HEel 24 FHE =elstlt

M
Omax = Y
(&l 12)
3
Mz%, 12% and y—%
(&1, 13)
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_ 3PL
Omax — th

f(‘]’ = f(k +2.33s

Jmax = fcr

o \/ 3PL
bomax

[H 23]9 0 = &Z&= H3E, H4ZUHAM
et (&, 17)2 0186t =4 SHE FS&HCH 1830l
= HBEl= 1200«600«h E2 =AFEHE ot UGS &0

[E 23] 148 =& 5t=S HEl= g8 20 2 ZASN

Type of UHPC 0 nax(N/mm?) hpin(mm)
Standard 14.0 60.0
Mortar 5.3 97.5
UHPC 28.1 42.3
P-UHPC 15.4 57.1
P1-UHPC 21.9 49.9
P2-UHPC 21.0 49.0
L1-UHPC 23.0 46.8
L2-UHPC 24.1 45.7
EPS-UHPC 8.9 75.3
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H3E & 21

[E 24] HHEIE ZASFHZ ZAHE HE2

S

Type of UHPC Volume(m?) Density(g/cm®) | Weight(kg)
Standard 0.043 2.4 103.7
Mortar 0.14 2.16 151.7

UHPC 0.061 2.4 73.2

P-UHPC 0.082 2.38 97.9

P1-UHPC 0.069 1.95 67.3

P2-UHPC 0.070 2.04 71.9

L1-UHPC 0.067 2.27 80.9

L2-UHPC 0.066 2.31 79.0
EPS-UHPC 0.108 1.22 130.2

[E 23]0IM 23c2IE2 MEE 120060060 2|2l JIHMEZS 8100 N& HE

H 2B]JHIM 22 = E)H
@]
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