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O fA% &4 XRF (AL2&d &)

- = Aol AR AEsHI nEE2 UiFE Ca, Si, AlE EZHR

-

ol o
AT .

Ca0 45.1%
Si02 33.6%
Al203 13.3%
MgQ 3.2%
503 2.1% ]
Tio2 0.8%
MnO 0.5%
K20 0.5%
Fe203 0.4%
MNa20 0.3%
Sr0 0.1%
BaO 0.1%
Zr0z2 0.1%
V205 0.0%
P205 0.0%
Y203 0.0%
Cr203 0.0%
LOI 0.41%

O3 x, 2L v|E2e] XRF Azt



O fA% &4 XRD (AL2&d &)

- Akermanite (CaoMg;0,Si,) ZARAF

Ehdlle @27 a4,

o

Measured XRD pattern

Reference XRD pattern

A P d Na_5 Aon ik Mo o
Akermanite (01-079-2425)

I|IIIII-III|IIIIIII"'I|II'IIIIIIfIIIIIIIIIlI'IIIIIII

10 20 30 40 50 60
2 Theta degree (Cu-Ko,)

—

1% x.

fd

Esd n2e] XRD 23}

O fA% &4 =&Y (A2sda nad)
- B YA 271 27umolm, 17100um Afo]ZoflA FRZSHAL Q15

==== Density distribution {log.)

— Cumulative distribution

- 30
- 20
- 10

B B L e L u
0.1 1 10 100 1000 10000

Particle size (um)

Density distribution (log.)
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Xio = 245 pm X5 = 1554 pm Xoo = 6711 pm SMD =753 um VMD = 26.66 pm

Xig = 3.62 pm Xy = 50.56 pm X9 = 14231 pm Sv = 0.80 n¥/om® S =7967.39 ent/g
100 T T T T I T T T T T T 0.7
© N Sample x(50 %) 0.6
o S m 1< 5
C 70| =  Sag#3 1554 0.5 ;
8 B 7 i
g ef o4 &
5 50 - 4 2
B = - 3=
2 W 103
g 30 — o2 g
E 20 H A
L:) B =40.1
10 an
ol 1 111 I I R R I I R BRI | 0.0

(=}
=
e
W

1.0 5 10 50 100 500
Particle size / pm

cumulative distribution

Xo/pm Q3/% Xo/pm Qs/% Xo/pm Qs/% Xo/pm Q:/%

4.50 20.54 18.50 55.09 75.00 92.10 305.00 100.00
5.50 24.34 21.50 59.57 90.00 94.85 365.00 100.00
6.50 27.80 25.00 64.12 105.00 96.71 435.00 100.00
7.50 30.97 30.00 69.64 125.00 98.29 515.00 100.00
9.00 35.31 37.50 76.21 150.00 99.32 615.00 100.00
11.00 40.44 45.00 81.18 180.00 99.91 735.00 100.00
13.00 44.97 52.50 84.99 215.00 100.00 875.00 100.00
15.50 49.93 62.50 88.77 255.00 100.00

distribution density (log.)

Xp/pm qslg Xp/pm qslg Xp/pUm qlg Xp/pim qslg
1.50 0.22 16.93 0.67 68.47 0.42 278.88 0.00
4.97 0.44 19.94 0.69 82.16 0.35 333.65 0.00
5.98 0.48 23.18 0.70 97.21 0.28 398.47 0.00
6.98 0.51 27.39 0.70 114.56 0.21 473.31 0.00
8.22 0.55 33.54 0.68 136.93 0.13 562.78 0.00
9.95 0.59 41.08 0.63 164.32 0.08 672.33 0.00
11.96 0.62 48.61 0.57 196.72 0.01 801.95 0.00
14.20 0.65 57.28 0.50 234.15 0.00



O fA% &4 XRF (updolA])

- TR si, AL Fed Y HPYEE T 9l

Oxide wit%

o

5102 60.4%
Al203 18.4%
Fe203 7.4%
Ca0 6.8%
MgO 1.6%
Na20 1.4%
Tio2 1.2%
K20 1.1%
MoO?3 0.4%
P205 0.3%
Ba0 0.3%
Sro 0.3%
Tb407 0.1%
MnO 0.1%
503 0.1%
Cl 0.0%
V205 0.0%
LOI 0.68%

% x. HERolA] ] XRF A3}



O fA% &4 XRD (updolA])

- Silicon oxide, Anorthoclase, Calcium aluminum silicate, Mullite 5& X

ol
IR

UIO

Measured XRD pattern

N

Referenclex D pattern

A L Lo i —
Isliicun oxide -: -2096)

N ‘. I L 1 P et
}rnnrthnclase [95-003-1180}

Calcium Aluminum Silicate (00-052-1344)
A T T YT e

Mullite (01-079-1455)
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O fA% 24 d=24 (uidolA])

- HF Azt A7) 276um AEoly, HAFHOSF 1071000um Alo]Z2] Az} AIJE AU
ol o
AA T .
==== Density distribution (log.)
Cumulative distribution
1.2 1 100

- ] - - 80 =
g : B
= 0.8 ] JA I
2 7 \ - 60 &
= ] ] 1 g
= 0.6 ] . : - 50
2] : =
. L | ||[[log
= 1]
04 : L 302
= ] " =)

4 1 | =
& 02 - 1 20 5

] : - MY

- I -

D T TTTTTT T T T TTT T T TTTITIT T IIIIIIIr T T TTTTT D
0.1 1 10 100 1000 10000
Particle size (um)
a3 x HigolAlY Y= B A3}

X0 = 4159 ym X5 = 21550 pm X0 = 60150 pm SMD = 89.46 pm VMD = 27631 pm
Xig = 61.38 um Xy = 524.44 pm Xe = 836.19 pm Sv = 0.07 m?/en? S = 670.73 cnt/g
100_ T T T T T T T 1 T T T[T T 1 T T T TITImm T T T 111110 1.2

o 0 Sample  x(50 %) 110
- 80 pm o
‘g 70 = Bottom Ash 215.50 Hos g
£ 60 [ g
Q — Q
g 0 0.6 ;
E 40 = ';g
£ 30| 0.4 g
= — A
)]
§ 20 0.2
10 —
oL 0.0

0.1 0.5 1.0 5 10 50 100 500 1000
Particle size / pm



cumulative distribution

Xn/m 0:/% Xn/ zm 0:/% Xn/ um 0:/% Xn/zm 0./%
18.00 311 74 00 19.70 300.00 61.29 1220.00 100.00
22.00 4.21 86.00 23.06 360. 00 68. 07 1460, 00 100. 00
26.00 5.35 100.00 26.78 420.00 74 39 1740.00 100.00
30.00 6.51 120. 00 31.74 500. 00 82.08 2060. 00 100. 00
36.00 8.30 150. 00 38.42 600.00 89.92 2460.00 100.00
44,00 10.73 180. 00 44,19 720.00 95.99 2940. 00 100. 00
52.00 13.17 210.00 49 20 860.00 99 62 3500. 00 100. 00
62.00 16.19 250. 00 55,01 1020. 00 100. 00
distribution densitv (log.)
X../ m a:lg X/ zm a:lg X../ zm a:lg X../m a:lg
3.00 0.02 67.73 0.46 273.86 0.79 1115.53 0.00
19.90 0.13 79.77 0.51 328. 63 0. 86 1334. 62 0.00
23.92 0.16 92.74 0.57 388. 84 0.94 1593. 86 0.00
27.93 0.19 109. 54 0.63 458. 26 1.02 1893. 25 0.00
32.86 0.23 134.16 0.69 547 .72 0.99 2251.13 0.00
39. 80 0.28 164. 32 0.73 657,27 0.77 2689, 31 0.00
47.83 0.34 19442 0.75 786. 89 0.47 3207. 80 0.00
56.78 0.39 229.13 0.77 936. 59 0.05

a3 x. vigolAY] 4= &3 dolg
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O XRD A3}
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Akermanite
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Silicon oxide (01-087-2006)
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L

| PR |
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GGBFS XRF Bottom ash XRF

Cal 45.1% SiD2 60 4%

Si102 33 6% AlP03 18.4%
A203 13.3% Fe203 7 4%

MgO J.2% Cal 6.8%

503 21% MO 1 60%
Fe203 0.4%

%) x. ICP-OES 3§ & 1%t XRF &4 Z} v

O z2A A=z 4=}
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O SEM-SE oJulx] 2] Az}
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IEgefa o2 HEE O Al }11|0|| = 5HE]

Oxide wi% Oxide wt% A E} (XRF)

Ca0 45.1% $i02 60.4%

Si02 33.6% ARO3 | 18.4% / \
ARO3 | 13.3% Fe203 | 7.4% H7IZ AE 7120l M E S25%

MgO 3.2% Ca0 6.8% ZIES(Cd), E(Cr. H(Ph), b4 (As). 7el(Cw)

S03 2.1% MzO 1.6% ) Xo] TS0 UK LS.

TiO2 0.8% Na20 1.4%

MnO 0.5% TiO2 1.2%

K20 0.5% K20 1.1% A—
Fe2O3 0.4% MoO3 0.4% E"F% ) _——zé?gr) L?;Pb)( 7—3{)@) +2(Hg), 25 (Se)
Na20 0.3% P205 0.3%

Sro 0.1% BaO 0.3% ) X5 TS0 UK US.

BaO 0.1% Sro 0.3%

Zr0o2 0.1% Th407 | 0.1%

5 o 0

por e D | cocammunn e

Y203 0.0% cl 0.0% G20
Cr203 | 0.0% V205 0.0% m— 5] TEHE|0f QUK &S
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=5FM : Gypsum—dependent effect of NaCl on strength enhancement of CaO-activate
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This study explores the combined effect of NaCl and gypsum on the strength of the Ca0
-activated ground-granulated blast furnace slag (GGBFS) binder system. In the Ca0-acti
vated GGBFS system, the incorporation of NaCl without gypsum did not improve the streng
th of the system, However, with the presence of gypsum, the use of NaCl yielded signific
antly greater strength than the use of either gypsum or NaCl alone. The presence of NaCl
largely increases the solubility of gypsum in a solution, leading to a higher concentra
tion of sulfate ions, which is essential for generating more and faster formations of
ettringite in a fresh mixture of paste. The significant strength enhancement of gypsum
was likely due to the accelerated and increased formation of ettringite, accompanied by

more efficient filling of pores in the system,
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This study investigated the influences of CaS04 type (i.e., anhydrite vs. gypsum) on
strength development and reaction products in the activation of ground granulated blast
-furnace slag (GGBFS) when different activators (i.e., Ca0 vs. NaOH) and sources of GGB
FS were used. In the Ca0-activation, the addition of calcium sulfates greatly enhanced
28-day strengths, regardless of the choice of CaS04 or GGBFS source, through increasing
the quantities of reaction products and reducing pore volume and size. However, in the
NaOH-activation, the use of calcium sulfates showed the complex dependency of strength
on the choice of CaS04 type and GGBFS source, and it barely produced beneficial effects
on the quantity of reaction products and reduction of pore volume and size. Thus, the
results in this study indicate that the combination of Ca0-activation and calcium sulfa
tes is a more effective means of activating GGBFS to gain enhanced strength and signifi

cant quality control than the use of gypsum with NaOH-activation,
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This study explored the possibility of using reverse osmosis (RO) reject water as a
mixing water for producing cementitious bricks using calcium sulfoaluminate (CSA) ceme
nt along with gypsum, and it investigated the changes in the properties of CSA cement
pastes when RO reject water was used. The results were compared with those obtained usi
ng purified water and seawater., Overall, the use of RO reject water improved the cement
paste’s strength. Given that the use of RO reject water very slightly aected ettringite
formation but more significantly influenced the A1203-Fe203-mono (AFm) phases (i.e., m
onosul fate, kuzelite, and Friedel’s salt) and amorphous aluminum hydroxide (AH3), the
strength improvement was likely mainly due to the formation of Friedel’s salt rather th
an ettringite formation, This study also demonstrated that the use of RO reject water
for brick production satisfied the Korean Standards (KS) F 4004 and toxicity characteri
stic leaching procedure (TCLP): thus, it is recommended to use RO reject water as a mixi

ng water to produce CSA cement bricks for use in construction.
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The influence of the added nitrate salts (Ca(N03)2 and NaNO3) on the CaO-activated grou
nd granulated blast-furnace slag (GGBFS) system was investigated. Both salts significa
ntly increased the early strength of the binder, and the Ca(N03)2 maintained this tende
ncy until 28 days of curing, whereas NaNO3 did not. At early days, the NaNO3 likely inc
reased pH of samples, resulting in more dissolving GGBFS and formation of C-S-H, while
the Ca(N03)2 slightly decreased pH due to the common ion effect, but because the Ca(NO
3)2 supplied additional Ca ions, it also increased the strength. At 28 days, the NaNO3
clearly induced the reduction in C-S-H, which was not the case for the Ca(N03)2 sample
s. In addition, the pore size distribution was also significantly dependent on the cati

on type of nitrate salts.



=593 : Application of micro-CT to Mori-Tanka method for non-randomly oriented pores
of air-entrained cement pastes

Your Submission
§ mekRiags

Carlton Ho <ssssereresirad shyeasr aoms Fro Ash 3. 2000 s 1104 AM
Rephy-Too Cartton Ho ~hoffumass. sdu>

Ta: yoonseyoonifigmei com, yoonseyooriyongg.ac kr

Cor parkyh 1451 naver oom, chjsesunfliumest o br, julbyulmoon{fsea o kr, sbasifihanyang . so_kr

his Red, Moo CONEUILOMAT-O-10-00067T

Tithac Applination of micm-CT i MonsTanaia method f0r Ron-rancomily Grend pones T Sr-snirined Cement pasies
Construction & Bulidng Materalc

Diaar Prifetior Saysaf Yaes,

FReviewsrn fave mow commanisd on your pepsd You wil ses Mal Bey s sdvang thet pou revies your manuscis | you see preparsd b undensks P woik regursd, |
wauld be plested o consider your paper for publcaton

For your gusd 3 % 3N b

I you mmmhmnmwmlmhﬂdeWaMlnﬂl‘nlﬂpﬂntwhﬂhubﬂmmﬂ“'ﬂumuﬂum
ranusonpL Upload an ghiip! LET of your revesesd manusconpd as file type Aesponse to Revewer

TO SuL & R, [ReaEE P 10 PiltE Veek sisaner cormoon bulldral’ sed lagin s sn Suther
Yaul LLEMAME ik yoonikesyoongnel som
¥yt Pl b FEiee Badsveatd delalii. plaas §o 18 WHE Jees shenier 2o T ONELILOMAT atbired _gusry i

MHOTE: Upon sutmmitting your ressed maruscnpt. piesse upload the source S for your arcle. For addriionad detasis regarding soceptabie fite formany. please refer 5o the
Cupge for Authors at Rt/ sawe elzevier coml pamaisiooresiruchon-god -boidmg-matenalw TEE0-0E | iguce-for-suors

Wirren submiting your Tewised papern, we ask it yow nolsde e folowing bems:

Ravited Manusengt snd Figure Sowrea Fiies {mandainey|

We cannol sceommodsls FOF manusengt hes tor produscion purpises. 1We Sino &5 hal fsn submilling your resison pou foliow ths euamdd fermating gudeines
Figures ang tablss may bs smbedded within e soorce Sis G the submission as ong §4 they are of sofficesn) wisusl guatty For any figeens that cannct be smbedoked witfom
the source She [such aa ' PLD the Photoshop fies), the ongral figure needs o be uploaded separaiely Refar io the Guds o Aythors for adddional miarmason
Haghlghls imardatory)

Haghlighis consist of 2 shot codlechor of bafet poinks that comvey tha cone findings of T ariole and shocld be submitied = 5 separats Sie in S onbne submisson Dysoem
Piaate ucs 'Highlghis” in ®ie Ml nams and csde 30 8 bulet poirs imadmum B8 charsmers. noludng Spaoes, par bulss pointl. See the followinsg webshs for momns

informnation
fesy i il comhighlights

Giraphical Abstract (cgrtanal)

Graphical Absiracts should sanmasiss the contents of the ariicls in & conciss, piciorial Torm designed o capture e aBention of & witde readershp ordrs. Refer 1o the
foilgwng webaite Sar more ink st Useww slsenee comigraphicelabiviracty

and
On yaur Main Menu pags it 8 loider entilled "Subimaans Nesdng Fevsion” Yo will Brd pour subminsens reoond thers

Fisdta nots (N this imuenal ofian & navw, Tree Senase calied AhaSEaes Driel, wabcdsi-Glyls presdmanans tal e Shown nead 10 published Mlices on Sasncelirect (s
g Pl e simeisd st lausneioes] W paul papen @ aotepled for puibficanen, you will suttmalically redeive ah invitation 18 creste a0 AudiaShdes prrsaatalion

PLEASE MOTE: Constragtion & Buiiding Materals wouls ke to ernch oelne aricies’ by diplaying intesactive figunes that beip the reades o vaasize and exglone your
research result. For this- purposes, we would e 1o mabe you D uploed figures m e MATLAR FH5 fie format 53 supplementary matenal to our snime submemon system
Elxevier will generyte misrgotve figures fom these files ard moizde Buem with Te onbne arboie on SoVerse Soencelwvect.  you wish, you can supmit FU3 fles along
Wit your revissd submmnion

Tha resvised wimnn of per submiscion & dus by Ape 1 2020 1200 DO0D3SAM

Verarh Sirwealy

Professor Carton L He. Pl
Eritor
Construcbon & Buidng Materisls

9™ : Construction and Building Materials (SCIEZ #]d)
A& AL 20199 10Y (2H]F 3L wke)

Z| 2} Inhwan Park, Sungchul Bae, Juhyuk Moon, Seyoon yoon, Jae Eun Oh



=593 : Development of a clinker-free binder by Ca0 activation of GGBFS and Ti02 addit
ion

IS TN F T

; -
linse Adany <esiysrm ieesmal smani goms W AR auE 8y
» 4 il 0
fE H1E

T S e Em (RUE UWET onussend gmai s
SE YA U R RRETRTR) SREE SN R ]

E&RRENE ctadrdincen OREY REE DOBRFRD
Erinrpms VRl ArEar Banw + EsH

Ma. Fef. NDC  COMBUILDAALT-[- 4 §- D080
T cment of 1 cinker-hes bede by CaD mesaton of Goors ed [l asdeen
i b Buliling . Masaiia

Gmar Frafemar Jee Tun O

Epwarwery Bas N0W [DmNENiRd onoEnur paper. Vo el e ot iy are eSaeng- B poo e Four manaunpt Boppo are -precansd 1o vodetise Beaor mguined | woofd be poesed 0o ooogedan your
apai sy pubtde alins

S mar QuItanGs e commmT are sopemded peos

ormit & stsind 1imof chargun o i ebutal 3gMal 880 CoRE wiich @ Eeing raded whin vou UG = ivied maradn DD sS an
f ymur seased mamnot . e e Repanes n Rreese

P ipTe Sk D rdwing i wer oo mus i

arerm e g Rageaed imameed L e

To sodemit @ NpATOr PRI ga i
W

EOm AL ERPA R e nDorimyt. @ iugn @ an Suihie
A

TR T St R

T s Pl L Safresd bl d Jelard s gu D0 Ol dit cptiotiil gudriaEg

MGTE Mmon susmrfing yaur =evied menassgh plesse upinsd the

e e mur whoe B nddngn deiads reqeniing sieptabe Be homaty plena e do the Gasde for Aafton af

Tratting gedalees Figures e e wdy bd amsdded
=iminn a1 kng i they ar ot wlSicent ure g Bpe By SQUTE IRt caemal S emheided arthn o marcs R (e 2 “PED S Frotoshing e, the ongite figies

i o inea e you folidm e jour

senity It be upmided wpircdsly Bale o B Gude. inf Awthon o sdddssnel wiorsetan
sugrighn mmangdateny)
Higrlights consat of @ short catieclion of BulaT GeITE Bhat Comey tha (O Tednge of Th drtiche and thaubd 0 SUDTITIRG 0 & WRarate B i (e oeling soimieaon syEtee, Poas uae Hghbphiti in the

bl= ngmve and molpde 3008 et poenis fmasers 20 chamcerr Soledng a0 I tulel pont e Be nEoweng seinee for mome oesaon

oo Ui slissailos Tnlgats

Zd® : Construction and Building Materials (SCIEZ A 4)
A& A= 20199 109 (U] 23S US)

Z] 2} Sungwon Sim, Dongho Jeon, Woo Sung Yum, Haemin Song, Do Hoon Kim, and Jae Eun
Oh,



=Pl M=
sdqHS S XA
g ® 2 X 20190709
= Jl A HAMEAF)SHUER)SEEE(AL
& 8 M S 1020190082763 (B 4+HE 1-1-2019-0703 105-00)
&R0 9A BADSTE(1-2015-081204-7)
el 4% HYSESFHHUS)9-2010-10008]1-2)
SN 2% U2 ERY
L HO HE M4 SHIE ZSE ZEM =2 % 012 X
s & & =

o] B M3 LR E ZE3 AYA] 2AE4E L o]e] A3
Z¢H 35 10-2019-0082763

2 2019-07-09

(it

ded: EAEIed

WA oA A9

2 oune 9% Fh7ALAR

A GHE 1615010445
S

M
i
Bl
oft
—r

AFHAE ¢ A (EH) a7 A HEAS AT G FAE(ALE2sH I W HEEoiA])

FUAB - AL Sl A
o

2717+ 2019.01.01 ~ 2019.12.31



B2 6 AU ZA4E D ole] ApAlo] B Aolth, FAHLE,

U
X
o
X
olJ
BO

1)

theh 2pgellA 7H Fastal de] AMgEol2 Ad &

L
L

(Soc) 2] el

2}

TERAREA, EE,

Nr

_~—

of 7)ol i AEelth ol

ol
IR

o] 2pgolA

dl,

L
T

SEfell A = 2=

(¢F1,500C)

0.7°1.0%2] o]atste

JJ)

ofy

P olof whet AHMETL 3 FR

Yol oA glth. Fujel AlRE

t}.

P AHIES] YRl MEMe felitetelld Azt of 5HRE £ oy AZFFH dUth A=

Rzx|et 7] 2 2ol R HEY SfA|7t AT

A ch 2 Helst=]

=
=

A

 REE



B2 W Hiol]) =& 20MPas:

Ea
=

[ -
—_

oF 7|0f

(=]
(L

125 #13 AdFideE (=2

| 2t

°

A

=
RLN

(=) 312
dEA A Az 3 MY

al
=2

}

= R
Ll

=< X ) N Mo 2 M
= = jlis N —_ J { °
e ) N ) s ¥ v £x 9
™ o2 i T ¥ 3 N PO W
<0 o) o 53 S T X = o W W X = .
M | — — = — o — & = Sy THR — oy W X Np
EL X 0 =0 T . E o0 ) 1—: E wm N _u_e cul BH
ﬂ X ﬂ——_ N X .%O M ].X —~ 1w DT.C ﬂh— o~ . ﬂ.Al
o T & 4 & L JoEK X H % o ol
X = o K A_.E E ~0o E.._ A_.E — o E_ T .0 7O E E_ U
e o ~ 2 S N DR R W N SR
waxa PR T g AR X -
Jao%o U~y m_ﬁ%ﬂ _______ﬂ‘_oha_z_ﬁo oF I >
M ooF WA T W oy domS odo ml oy WM oF W zw
PR i SR ¥ i - N Ho s W o N W < WK RO s 3
[ [
T & Nﬂ ~5 H Mm UA“ _n_H_ Q
- x = PRt mae o %
® qr N m_rﬁ o ¥ o P X wm S = wﬁ ~ g N
K N X ogo Mg X o I~
x| kL, zSEsm gy | 2Tl R,
HL ° H —_ OE B i ;I.K oy — ~ MM ~ %..AH o H
gt e > b= ay N do ST T N xR R rE
H | o mgd el % & x 4
MH Wy_a jo ZH fojm ~ O_H Mu.._H ﬂ.ﬂ J:._/l ﬂ.ﬁ m O_E M_u.r_a o
_ o W o ,n_e},__on lnmﬂ”w_e ma_ww_.:,_owumeaoq
~ P 1 B e s R R - N " N KR~
= go T - 3 I N o - xR G G ) G UL
gl i
r] e o= 2
6 =) e N o = | -
2! < do ~ 0 w gm ~ mAe ' M %o
R X D ooy M
7 4Fs g5 2L
P iy W A o R — 4 e__.= JJm
= 5= 2 oy o = T N = o¢ N W Ko
X < = X | - X 3 w ™
H__l TH "o e w) D X ﬁ_a _J._ e_e _.ﬂ_
n W N N J | N
£ = & S B o X ) ofiy
< ) 2 © T = T oF H Jjo
= mwK ol - 5 N o % KR
—_ 1 A Mo~
o 1o 3 m 3 m
T % 8 x S

- 100 —




o At P V& 5 U dxje Jevd A=
1 2 3 4
2| x| 2| =
=L1S) Tt} PSR
5 5 = =
7|2 | TRL 1 [(zAE] 72dedd
%l TRL 2 sl | s | 3 | Bl | [(AAEFH] JEEt FEEore ¥y
A8 TRL 3 = R S = [ﬂi**ﬁ?;—i] —;—“ﬂﬁ% 3E 7%;5& 7]%7115‘ 73; 1
EEY PR = o) pe
oA TRL 4 9l o 9 9 7;% R/ ALE BefF] A7 B0 Working Mode
A =RHE TRL 5 || EF | F ;E‘il/ﬂé‘@ AAE A2 A B0l Vorking Model
=<3
<A TRL 6 | M | [ | [ | [ | (A% 3537 #4 230048 =256 Az
Al831 TRL 7 L1 | O | OO | OO | [AAE A#8E7] 24 BHolA AAE dr
A TRL 8 | O] OO O | HNAE 9F] 488 AgEEs 2 A=Y 23
OFA}
1:3 A TRLO | (0 | OO | O | O | [A43] A8

- 101 -




P
_ 2N 58 9 41t
e SAlcITAITE ciel At st | ol
s 1
(level1) (levei2) Muix|E =255 TR | S | zEm e | R (R
®  Apsg 3oz /ey S g
B < AL
P EL]
@  AlFngel 59 o jelmzz T TE | 2
7K
i HA ] =
chEn A 2y o | 1~5mm & | @) HIZHA 2 2 12 = g (EEE 2|3
Fa| A |Z71g 23 AR Ol A1 | BER 0 HE 2 i sl |1,1%
a Alolst ool goiel | | 22N EESAPY o 'T“ ’
= Izt ohEl 324A | @) o 1A ChA Xz 1| oM
=
. ERNES
®| RLEZEHEK|CE 1A FEEY | 2BM | To=g | 2
B0l
NET
® NET °& 1A FEEd | 2SM | < 2
|_3A-1
CD 7H%L 7(._;XH I—H An_nz-tﬂﬂd‘ —?—l_JXHE %Eok%%’ A i EHE 2
A2 mRR ol =< =
o| M TR R e [ iy o | e |
= B2 &% ol 7| =u= =< SAI e
AlO| HIEIOA| &1 71 SAIDISEH
B-1(% | IR0 = = 0| =22 g2 KT 78 =98] KT T th ! 28
S22 ORI 20 =T e=e 7|Z=x| o[} =< < =2
MPasr 2B W [ @] iz 25 5% olst I
ZEBA =S SI5H A ©| 2=El2 =T 20 MPa OJAt =N KS L 5106
== AFLE T[HE20MPa ®| 232 E d=LT 20 MPa OJ&t E& KS F 2406
= 2R e e BDIEEEE 1% =y
| Mcro-CT& o )
oAM= 2 (=S] 2w oA HE
olt o EA WiZ= 24 N we |1
ol mzxfel Sl Ul e s i
BopkE pxy | @ FY =N % AR 88 | HslE 2 =S e st | 110
c
oislg 2 seEE i i
B e =5 i
OIERE 1% =hA offy e |

A

102 —



-

ol

w0
<l

rr
IH

il

ok
&0
Mo
T
T X0
70

<H AU
el

oFl
or

==

o
Kil

7IEX|

FOolMm/d)

F0[Mm/t)

o

L &3t (

[e)

a (

N

S

K
K — N
=
X
x| 2| @ o
| o | R A T
= | W Wl 2 @Ko
o F|X & |=a
< |9 | H =<
ol
B
0
SEERERE R
u U ufl u_m
i
GERN G
g |9
= <
| 3 it
218 9 Ha 2|9
_D| Ll 37 K] _m
< g |z |
n E m_l
K Hr
® | O

of
K

10
wr

10

4

.I
.I

(=18
=18

- 103 -

4

=

Al

@ | NETRIBA

®




3-3. 2T FE 9T (FF @ A=)

M Mz=g elgt HAFLE 7(E 20MPa ZEA BTN JHE

ox,
i)

= Sl 8% 0|0 HiFHOHAl & NZ=2 0= 0[F 07 20MPad ZEA e

=1 o — |
MIX|E SEX| =M o{F Mafx| ESS
_ Mz B2ZF 85% M=z SZF cig|
ik ZEA) L MRS B EbM
H H H = = = O|Ao|' = 9%5.7% 2
@ | 70 ZEERY REA1e| =4E 20MPa EbM 430 MPa 1
FlEsy 3= 72| uth
e KLT 7 iy =8 =8 T H
® =25 & J1z=4] o5t = H|2 50 S35 1
B HESX| b5
@ | AEM B8 5% O[5t =M 1.3% 2
O | 2=2ElZ =4 20 MPa OfA¢ EbM 246 MPa 2
® |E2FLE =UE 20 MPa OfAt EbM 27.0 MPa 1
. =
@ | oled ek 103 CFA AMAL1H (0|2h 1
20004 28l EY
Ux 2E 3 Mo} (SATEp|Ee Y Z|diskm)
MIR|=E 2Ix| = 0 L= M1px| T EX|
£ &3 1A =S 14 10
424 AR &
=2 AR 6 =M 2HHE % 10
TH =
QIEA 54 = 54 10
.I
2l b oo =R AAL2d 10
2020 28 &=

- 104 -




AN

I
ol

&
0

O

tlol
ga

ol

.y...m
20

.I

A

Ck
=

= 24

e
o

oA

Ir
T
o
o]
T0

o 24

}

—

=

(=)

O

o=

=

=

bl
0

of N
ol =

2 1o
&
i
o

oK

=AY L
Q)

@ | McoCT

E

|l 2| o | e
™
ol
K ok o K
B o grt 2
R R I
| T ...A.ﬂ
¥ g
I+
3 | X B
o | Ul o U
il
ﬂ T s
B8 8 | §|E
1
K
_IL
X0
W | =
__A I__/l
X
ur I
© @

— 105 —




- 106 —



=
o

4. ATHLNA BE A

2
=

YHAEES BEY AANEBE 7|
O FABAA 1T AU AR A

A

ol

1.

d AMANAM TheF

Az

571 wi=ell ol &

< o7l

310l
[o3 =)

AHAAEE Ve Aol AF7t A

upgof 2] o}

=
p

)

ol s 715

o oA

S

53, oAzt s uALoN WA

©)

J))

o] =

—_~—

= 7le e a7 7

elolof A & Abg R AEA 1%, ul

LI 4
- =

43

3} 7l%, B udsoly 2

e

T =

O mepd, & A7l AdFatES 283t A7t

J)J

AMEE JleolBE, wid FHE] HI|I7F 27t

o7 7|td.

ol

of

3}

|

2 Al BB DL ¢

O nistEey 243 3&%F

ol ol &

FFo] Hol7] uf

ofe] 7|x AMEEH

A A=

AR E 9}

2 7e=EA

Aoz 74,

2]
=4

ol
ﬂvo

3o

- 107 -



2. zaFd

O J.A. Haynes, W.B. Ledbetter, Incinerator residue in asphalt base construction Transportation Engineering Journal,
Vol. 103 (September 1977), pp. 555-564 ° TE5

(O F.H. Roethel, V.T. Breslin Stony Brook's MSW combustor ash demonstration programs W.H. Chesner, T.Taylor Eighmy
(Eds.), Proceedings of the Third International Conference on municipal solid combustor ash utilization (November
13-14, 1990), pp. 237-255

O R.W. Styron, F.H. Gustin,MSW ash aggregate for use in asphalt concrete ASTM special technical publication.
Proceedings of symposium on a critical look at the use of waste material, Miami (1992), pp. 129-142

O E. Berg, J.A. Neal, Municipal waste combustor ash in concrete, W.H. Chesner, F.J. Roethel (Eds.), Proceedings of
the Fifth International Conference on municipal solid waste combustor ash utilization (November 17-18,1992), pp.
155-170

O F.P Glasser, Fundamental aspects of cement solidification and stabilisation, J. Hazard. Mater., 52 (1997), pp.
151-170

O P Filipponi, A Polettini, R Pomi, P Sirini, Physical and mechanical properties of incineration bottom ash-based
cements, Waste Manage. (2001)

O F.A. Oluokun, Fly ash concrete mix design and the water-cement ratio law, ACI Mater. J., 91 (4) (1994), pp.
362-371

O A. Bilodeau, V. Sivasundaram, K.E. Painter, V.M. Malhotra, Durability of concrete incorporating high volumes of
fly ash from sources in the USA, ACI Mater. J., 91 (1) (1994), pp. 3-12

O P.J. Tikalsky, P.M. Carrasquillo, R.L. Carrasquillo, Strength and durability considerations affecting mix
proportioning of concrete containing fly ash, ACl Mater. J., 85 (6) (1988), pp. 505-511

- 108 —



S x|
% o
1.0l BIME ZETDEH|SAEUIM AlWE FEDEI| S AR SR HAIle] el ETA
elLic,
2.0l E0M HEE LESE Mol PEA T EUNSHSY|STIS YN Ade I ENST|s
Alistx|el Alelel el atele salof Bhch.
3. =71u8] % 7|2 wXlo| Do 8L HelsoR WE == DASIME o Euch

- 109 —

210mm X 297mm[ 24 AHX| (80g/ m*)

CcC
o

= =&X|(80g/m) ]



