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[F 21.22] A FZo| AMErS MAr2F 2 242 545 o|m®
Country/ CCPs CCPs Utilizatio
. . . Year References
Region Production(Mt) | Utilization(Mt) | n Rate(%)
USA 136.1 60.6 44.5 2008 (ACAA, 2009)
) (Wang & Wu,
China 120.0 69.6 58.0 2000
2004)
India 90.0 11.7 13.0 2000 | (Kalyoncu, 2001)
EU 61.2 55.4 89.3 2007 (ECOBA, 2009)
Austrailia 14.6 4.6 31.0 2008 (ADAA, 2009)
Japan 11.0 10.7 97.2 2006 (JCOAL, 2010)
Canada 6.8 2.3 33.0 2004 (CIRCA, 2005)

[E 2.1.23] o|=Z2| AMELS|(CCP)e &8 2of 2 o/&2F (20104) (THl: 1000 tons)”’

. FGD
fly ash bottom ash | boiler slag
Gypsum
CCP Production 67700 17800 2332 22000
CCP Use
Cement/Concrete/Gro
11016 615 0 21
ut
Blended cement/ Raw
. 2046 949 3 1135
Feed for Clinker
Flowable Fill 135 52 0 0
Sturctural Fills/
4676 3125 79 454
Embankments
Road Base/Sub-Base 243 715 3 0
Soil
Modification/Stabilizat 786 162 0 0
ion
Snow and Ice Control 0 550 41 0
Blasting Grit
] 86 20 1258 0
/Roofing Granules
Mining Applications 2400 529 0 836
Gypsum Panel
109 0 0 7662
Products
Waste Stabilization/
cee ae 3259 41 0 0
Soldification
Agriculture 22 4 0 481
Aggregate 6 555 27 0
Miscellaneous/Other 1047 224 8 124
Total 25723 7541 1419 10713
Use Percentage (%) 37.90 42.30 60.8 48.60
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(£ 2.124] 2011UE BUSIHEY SZE (FEHSE, 2011) (B9 Hm)
2o 2ALE 517H22AE(A) Hlsi7k

oo Ax gk & ¥ <

T8 |20 | (aB e I
py | R A" e A | B | © | O

(B)
82,05
Al 207,3391226,499| 4,634 [ 35,900 |88,403| 7,192 |136,129(90,370|82,058 8
28,32
Eag 69,104 | 77,207 - 10,000 |40,752| 82 |50,834 (22,368(24,322 7
AR 9,478 | 9,951 |1,230 - 3,873 | 2,540 | 7,643 | 2,808 | 500 -
55 10,093 | 10,761 | 300 - 4,492 | 1,510 | 6,302 | 3,764 - 695
"5 | 24,797 | 25,422 | 400 | 8,000 | 9,000 | 300 | 17,700 (12,322|12,320(7,720
A5 11,643 | 11,680 - - 5,368 | 1,339 | 6,707 | 3,311 | 738 |2,400
A2xXG | 18,688 | 18,942 - - 10,364| 336 | 10,700 | 3,954 | 3,425 7,713
138 | 23,465 | 23,477 | 1,043 - 9,398 | 1,417 | 11,858 |11,619] 3,273 | 3,273
14,76
B | 27,737 | 32,443 - - 15,368 42 |[15,41011,383|9,110 0
A F 6,100 | 6,208 - - 2,410 878 | 3,288 | 170 - 12,750
EEZ - - [13,950| - - 13,950 0 |13,950| -
(W) 824 o] gl we Aol

o wREAY NG Ade] Fge FFel & BAA wit golstnz U
gxo AQsty) oH S, AR HAZA 729 30770% 4 P4,

o SEEAE FE SUAA HAZ A Aot A glEdlE B, dEd
Az BAA Aoz A4S JFE i Aol Y. V% A
& B3 AYPAES o83 HES A A5 FANGE Ao
v ARR JES £8FA Apgo]l 38 Aoz Jgd
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(% 2125 HelZAel 22X 71 ulm (2AME S, 2004)
78 Ng | ANdx | oA 7 35
AAZA AHARZ 22,000 14,000 16,000 14,000 15,000
AMAZA 17,000 15,000 15,000 14,000 14,000
234X 15,000 15,000 12,000 14,000 12,000
==X 4,000~6,000

(th F37 ARAEY wE s

. 20129 69 WA BFFol ols) stebE AMAN R W Aol ww,
FHAGAA WA E AL EY S ddujES 2805E7687.3F 02 A
oS, ol 1d W Z kA A7t [09HET25YHES]

. 20089 AAFENT) o F ANATI AAZ wEde] Fojut AL el
st 4 9oy OdHE By FAHAAANAL AMAHEN wEEFS W s
FAL FAT 5 e,

[ 2126) S8 HE A AAMET|S L E2F 2 AAHG EAM v ETF

A 2006 2007 2008 2009 2010
oiA 4010.8 | 3808.5 | 6011.1 | 4997.7 | 4400.9
V3P _
A s1 5606.2 | 6273.0 | 5896.5 | 7073.8 | 8359.8
A-E 7= N
(= /o] sy 9429.0 | 9128.8 | 9884.1 | 11274.4 | 11112.3
7 19046.0 | 19210.3 | 21791.7 | 23345.9 | 23873.0
ojE 147.7 152.9 | 332.1 133.3 66.0
AN E A 58 179.6 100.9 99.5 28.9 61.1
[E/9] a4 171.9 | 4335 67.9 208.2 153.4
7 499.2 | 687.3 | 4995 | 3704 | 2805
AN END AR ALH7|=2
24 _’Jf 1 ddu712 2.62 3.58 2.29 1.59 1.17
&3 v]& [%]
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Bakoshi 5 (1998)& #&4 vAlg QL g E Ags zagse y
T ATE FAsgon, 1 A wEed BAE 10740 % FASH A
Aol Qoin ErAYS weh

Cheriaf 5 (1999)2 Abslzbg 3} WES-3lE A& nigold o] £ Wks

S Ao, vigEojH o] EEY WSS X2V =g A Ay EH Y 28Y

o] F o= M} 7t&EtHE AL Byt

T3k Yiksel 5 (2007)2 1259 AFANZREE zhZA-E vig o4 rﬂzﬂg 9]

HA¥ = F8A, d54%, 4=, AJ4A
6

A4 10730% 7+ G Ascr B

AGAA vhelde ZaeEg wEA gl dF AFH ATES FAA
44 vigeld] ¢ AHEH TAYEE ooty uTA Ase] Ui ZaYE

b A9 T F UEe HolE
Eil

aE whgeld Zades W3 A84e wojme
Interlocking 2H-&°l o #F&A 7 o s
= g

F5E 371 % Aol

Metsle] B2 8 ddads 7=
e A= 196830 ACAAS ARste] Aess Aoz Aedgstr] 9
71Es st A4 o] WA MEsE AFdEstar A=

Margarson and Cross (1966) & L &FAlollA o] FHAgA 24 o] o A]
o] A&l #e AT E Fdst EFeholA R HAASS T A ZHERG
a7 Aoz Aopa Bl

Sherwood and Ryley (1966) += <=rollA A== EfolofAdd tist =5
A3t ols Fgtol oo AHMEY A3 E HIYS W A5, g Z2
oloffAl ¢} A3 EFER oy FHO RHYE HAAT SRS BEEA
e ANARES AR B2 IFAEAY FgoldiAle] &8 did AT
Fsrd &

Gray and Lin(1972)% Aetsle] ©t& v|Fzoz Ar|Hdo=r 7|E9 AT HA
of 3] FREYS AT F Atk HS §&5te] d5Adol & ARk SA)

Sajze] ggls

Faber and Digioia (1974)= thitE HAEA] 2 A& A =ZA] Aek3]o A&y 3
FAG So v Baadon Joshi S(1981)E A BE S Aok u 7
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Karim & (1997)2 %8 AA=ZA A

Heljl, Zetololil o] A4H E3dnE oA : =

gholef 4l 20%7F &9 FHI A SHelAM g Adstvtn HugH?

Kumar 5 (2003) 2 Pulverized coal combustion (PCC) vl& o4 2] x|t 3-&t

A A dg g A4E ot AP AREAY AE8A4S ATFsA S

g o ol WlEUo]E (bentonite) #7bge W& %, 4] A% % (hydraulic

conductivity), 5 =-2 % ¥ (moisture - density relationship) S *] & &%

& FoholofjAlo] A9 AWE 9 ZAZE AxEFHAAN S&E L 9lon,

g ef Aol AS F2 F5d AFAY FE2EY FAAFA (Structural Fil)=
0] =

E3tA, AMIE Axg 8= A

=
ekl o] A gdgo] ofFHAIL U

Aetsle] AFE 3afss Azd A8 (CLSM, Controlled Low Strength
Materials)
e FAAsA= 2 2, Zgolo4, Ald

E
=1 Z7ld= =3 ZFeldAe] dFer T T"r%*é(ﬂowabilit )= 7HA
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e
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CLSMe wrgom a® E42 dass FAARE Feshd F543)
gue Bde gre] ARe Hae] golstw gl o P B A9
of ABE nhE FAAZ AR

o] A= tE olFo Z e} Z(Flowable mortar)’, 'HI¥lg S5
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