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Characteristics of Uncofined Compressive Strength and Flow
in Controlled Low Strength Materials Made with Coal Ash
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Abstract

Controlled low strength material (CLSM) is a flowable mixture and does not need to be compacted. It is produced
by mixing portland cement, fly ash, fine aggregates, water and chemical admixtures. Sand is the most commonly used
fine aggregates in the conventional CLSM, but it is getting more and more difficult to obtain sand in Korea. In this
study, the characteristics of unconfined compressive strength, flow and applicability of a new CLSM that is produced
by mixing of pond ash, fly ash, water, cement are examined. An unconfined compressive strength satisfies the standard
unconfined compressive strength (0.5~ 1.0 MPa) were obtained when the mixture ratio of pond ash and fly ash is 30:70~
70:30, cement ratio is 3.0~5.0%, and water content is 31~34%. The results of flow test indicate that the mixture
ratio of pond ash and fly ash which satisfy the standard flow value (0.2 m) is 30:70~70:30.
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1 glom Fe) A Mebud, SIUAH 3 5
o8 Qsto] Aeta] AT 19999 395%9+E, 20074
600FHEC 2 F7fshe Aotk

Iy @A47HA Al E A2 & s S
AHIEYE, Hu|E T3, - EEE S22 ARt

o] glom, Aetd] Fo|Ak H|S(fly ash, FA)x= A&
E= BHE, A 3)(bottom ash)= tiF-2 AE-EEA] X3}
L B APl g == Aolth olntA = AdHo] o
£ A 3|9} H|B|E vk Ee] Zo] EFNA 3 A=Al
FHAIZI L 917] wEoll vhEE A§H3](pond ash, PA)<]
S8 Adol YA oot AE-Go] oA

R H 37 AEs] AHE-E-EL 20041 67.9%,
2005 59.4%, 2006 67.7%2.2 HAA|AY o] H]s|
oF 70%m| ol @A 3|A 2ol WP Y= A
3lo] T 20089 7|EL 2 oF 7,2009HE0] Hih=
Aoz FHEHEA S, 2008).

wEhA] @A AtEE Aede] AEE-E St
7171 S8 7128 AE-E &= o] gz &ge
4= Qe el uhRo] AlEEt Aotk £ =FolA A
&3] A& = F718kaA} sk AR ELFFS
A(CLSM, controlled-low strength material)= A7} =&
A EAEE Aukgatiioe] Hgste] ol RO
2 ko] Wa gl §540] 2 Bdoltk Ywaos
ZEEA(EE), H3, &, AHE, T34 52 Efst] Tt
E0]RTHACI 229 Committee, 1994). A7H=11-9-%3})
L 714 FAl(self-leveling), AF7|THlAd(self-compacting),
f-53(flowability), Q1912Ql A=x4, A5 F A22t
9] ol W AlFA ©Eo] 93t A3 AT
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E2}9 7F=THACI 229 Committee, 1994). o]&jgt &

& ZHe AREIGE e EAX], §9, 712 59
oA, 35 YA, E2EAA 5 §E2 BEAL
Al AEE o= SR]o) A A3t E|o] TujE
ek 22 FU A= Z{E 9@ 2 Rofof] 28358 =
A7} 2s) AYPET T EET 2001, A& 2000,
ah S 2004, o]B™E S 2006 ; 2007, Y4 5
2009).

g} 71Ee AREIFEIAS AR BHE
AMg3L7) mRe] =7t AAE 57 o HY}R = AA
o2y ARl thd W] o= ol Qirk whoF &
hAl fHIE o] g3tod w3, vi3), AHE, £
HEE AL IAL Mdste FRsHWE
A, 2+E F2E LA, TEASA T8 ARSI
A, Wl Z7lshe WP Aes|Fe P 5 ol o
AL B3 4 93, AREtasAer 22 oy 2 A
AgAtel] Badt BA RS 33T 4 8& Aotk

b B dRoAE migs), v, AHE, 29 &
FEZ TEoIN AREIFEAY] BEAE Al
AHE7HsAE AlAlSkaLA) gk

|u]
)

2. AlEAE R Y

AL AEUFAEE AEHe] 7HeA dRE

XA

ACI Committe 229(1994)

- 2,068kPa(300psi) 0|3t

. Ol ZALA| : 345kPa(50psi)

ASTM(2002) . JAZEA] © 1,380kPa(200psi)
TRB(2008) . 350~1,000kPa(51 ~145psi)

. RhA| i) 0|35

NRMCA(1995) ZAA : 1,034kPa(150psi) Olst

- HIZ&Al : 1,034kPa(150psi) Of4

Tarun R. Naik, Rudolph N. Kraus(2004)

- 282 ZHE : 620~1,310kPa(90~ 190psi)

Tarun R. Naik, Rudolph N. Kraus(2002)

- 25 1 300~ 700kPa(44 ~102psi)
- BEZHE 1 700~ 3,500kPa(102~ 508psi)
- Z2ZF 3,500~ 8,000kPa(508~1160psi)

Amster K. Howard, Jennifer L. Hitch(1998)

- 289 ZE : 500kPa(73psi) Ol

Sumio Horiuchi(1996)

re

- A% MEX : 490kPa(71psi)

0.

N ro

24 FZ : 840kPa(122psi)
HZRA| © 686kPa 0|5 (7kgf/cm? 0|3
HEEA| : 686kPa~1372kPa(7kgi/cm®~ 14kgt/cm?)

76 E=XgtEsEl=2d  H26H A&



sl 7] 20|tHTRB, 2008). S2-971e ACI 229
Committee(1994)ol| 4] Z| 43} 0.2m(=8in)o|AFo| e} T+
ki glow TRBQOS) § TFE MAATAIEE ¢
2 7S A5 QY] miie] E dAoME Hi
29748 02m o4 o® A3tarh

AEUSFA T AFAE wet 7iso] o2 ACL
229 Committee(1994)0] WEw A7 =1 QE3}g= &
SUASAE Hel= 28U AF 7|Eo= o 2~8MPa
(=300~ 1200psi)o]| Tk, ASTM(2002)]| 4=
2 22 A E ol gsto] A sk Fe 9
Q3 HAaske] FE = oF 1.38MPa(200psi) 2 F3 5t
Stk 3 Amon(1990)2 AlFEo) 7Hs3t 7|E R
1.05MPa(150psi)©|5+2 A48+, Sumio Horiuchi(1996)
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NPAFAE ZASI ® 12 Yl

wfelA olo} e ATE vhoZ B ol st
W2} e APELGEIA J1E DEYFAEE A
@ajo] olstrln £A0) ZErt WEE 5 Qi WS

2#5}0] 0.5~ 1.0MPa(=70~ 150psi) & AFg3Hc)

2.2 H{EH]|

2 A Hﬂﬁﬂla AHgstr] s oAuldEE g 4
i, Aehs] wro 2l V| EQrE ol vhEshA| &
taE AlfES %Mﬂ 713t oz Bt
WA AHE 2 HAskslr] gt AdE=FS] Y
ol Ak thu] oF 1.5~8.0%2 ARSI, v

2 AT FH2A BAT 7= E 0.84MPa(122ps) R A sloh wigure) wigvls vid HasiEre] sisieiet v
A5 vl olek 0|4y ofe] AMATASO] AN Y& F)o] EFIRe] YHA grome wjet hSIu
FEEYEL 2R 6B 7|ARA} Ei olBuat o AFERA Q) Z2EkH] 5 0:100, 30:70, 50:50, 70:30, 100:02.

Ro mebA] tha RjolS Btk ARIEAES) thE = Agstel X g AFSKATh B8 AGERGE

B 2. MUEIRSEA wE|
Only Average water ratio 31% Average water ratio 32.5% Average water rafic 34%

PA: case 1 | case 2 | case 3 | case 4 | case 5 | case 6 | case 7 | case 8 | case 9 | case 10| case 11| case 12 | case 13 | case 14 | case 15
FA Mixture | (cement | (cement | (cement | (cement | {cement | {cement | {cement | (cement | {cement | {cement | (cement | (cement | {cement | {cement | (cement

(%) ratio ratio ratic ratio ratio ratic ratic ratio ratio ratio ratio ratio ratio ratio ratic

1.4%) 3.2% 4.9%) 6.6%) | 8.2%) 1.4%) | 3.1%} | 4.8%) | 6.4%) | 8.0% | 1.3% | 3.0%) 4.7%) | 6.3%) 7.9%)

PA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FA 66.2 85.0 63.8 62.7 61.6 64.7 63.5 62.4 61.4 60.3 63.3 62.2 61.1 60.1 59.1

O(Al?o Water 24 318 N3 07 0.2 33.9 333 328 32 N7 b4 34.8 34.2 33.6 3341

Cement 1.4 3.2 49 6.6 8.2 1.4 3.1 48 6.4 8.0 1.3 30 4.7 6.3 75

Total 1000 | 100.0 | 1000 | 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0 | 100.0

PA 19.9 19.5 19.2 18.8 18.5 19.4 19.1 18.7 18.4 18.1 19.0 18.7 18.3 18.0 17.7

FA 46.3 45.5 4.7 43.9 431 45.3 445 437 429 422 443 43.5 42.8 420 41.3

3(()8:5;0 Water 324 31.8 31.3 307 30.2 338 33.3 328 22 N7 35.4 348 342 33.6 331

Cement 14 3.2 49 6.6 8.2 1.4 3.1 4.8 6.4 8.0 1.3 3.0 47 6.3 7.9

Total 100.0 100.0 100.0 100.0 100.0 100.0 | 100.0 | 1000 | 1000 100.0 100.0 100.0 100.0 100.0 100.0

PA 331 325 31.9 31.4 30.8 32.3 31.8 31.2 30.7 30.2 31.8 3141 30.5 30.0 285

FA 33.1 32.5 31.9 34 30.8 32.3 31.8 31.2 30.7 30.2 31.6 341 30.5 30.0 295

5?5;)0 Water | 524 | 318 | 313 | 307 | 02 | 339 | 333 | 228 | 322 | 317 | 354 | 048 | %42 | @6 | 31

Cement 1.4 3.2 49 5.8 8.2 1.4 3.1 48 6.4 8.0 1.3 30 4.7 6.3 7.9

Total 100.0 100.0 { 1000 | 1000 100.0 | 1000 | 100.0 | 1000 ! 100.0 | 1000 | 100.0 100.0 100.0 | 100.0 | 100.0

PA 46.3 455 447 439 431 453 445 43.7 42.9 422 443 435 428 42.0 41.3

FA 19.9 19.5 18.2 18.8 18.5 19.4 19.1 18.7 18.4 18.1 18.0 18.7 18.3 18.0 17.7

7?0%?0 Water | 324 | 318 | 313 | 307 | 02 | 339 | 333 | 28 | 322 | 317 | 354 | 48 | 342 | 36 | 31

Cement 1.4 3.2 4.9 6.6 8.2 1.4 3.1 48 8.4 8.0 1.3 3.0 47 6.3 7.8

Total 100.0 | 100.0 | 1000 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 { 100.0 | 1000 | 100.0 | 1000 100.0

PA 66.2 65.0 63.8 62.7 61.6 64.7 63.5 62.4 61.4 60.3 63.3 62.2 61.1 60.1 59.1

FA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1?2_:;){} Water 324 31.8 31.3 307 30.2 33.9 333 28 32.2 31.7 35.4 34.8 34.2 33.6 33.1

Cement 1.4 3.2 4.9 6.6 8.2 1.4 3.1 48 6.4 8.0 1.3 3.0 4.7 6.3 7.8

Total 100.0 | 1000 | 100.0 100.0 | 100.0 § 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 1000 100.0 | 1000 | 100.0 | 1000
MEISIE BEE NUTDRSHNY ASARAT U B2 S8 77



A= F4=aro) wistol] wek 5ol et Aols 1
ojlng JuHES F3to TeFE AAFTFY 30~
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wjebA] ufsle} H|3]e] Ete] HEl(uiE 3] E=0:100,
30:70, 50:50, 70:30, 100:0), A|HEH] o] HSHF 1.4%,
3%, 5%, 6.5%, 8%), T=H]Q] HBHF 31%, 32.5%, 34%)
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Particle Size(mm) - Log Scale

I8 1. RSt BiF2) Y=RE

E 3. 0j2isle) Hislo] B2) siais X

o, ogsle) e
£ 512, v3]9] A9 AREEE AL ok B
£ Argste iYEA ghe H9EE Yo A7E
stk

Aol vjgo] ZoHA HUE YERE, 1)F SoA
chEAT A Aedgele Aot u|8lE Ee 7
£ glo] 2o st gl AAL Testel P
4RRAA D7) 4.75mm) SHFIS A o2 A}
B3I 3, Y FBAR BT ol )
219] 79 A4l YA WSl B culdd 2
3t 740 UE est7) o]t

Q7o) AGE Hes)o] JEHETA U BejH- 3}
3 542 19 13 30 27 vehdgleh 13,
SISHRABE RS B8] ARSI BLUHLOL)
o Husis ATdE BHLe ARE ST

Aers] ool mj- = 9l

232 AHIE

2 o] AT AMEE o)A gol AHgEE
00X} 15 BE ESUE AWES AHgskEo0]
9 AYATE E 49 P,

2.4 A4

241 E2AY
Z29 A3 ASTM D 61039] A3 A=k

Physical properties

Specific gravity L.O.l (%)
mEsl (PA) Bi&| (FA) =k H| 2]
1.84 2.23 6.78 3.12
Chemical compositions (%)

oha oHels) H| 3] a2 o &l 3] B3|
Sioz 50.6 52.8 Al203 24.7 22.7
Fe203 11.5 9.28 Ca0 5.91 7.43
K20 1.75 2.33 TiO2 1.72 1.55
MgO 0.85 117 Na:0 0.37 0.57

I 4. AHE?S £Y

Fineness (m%kg) Specific gravity Stability (%)

Compressive strength (kPa)

3days 7days 28days

348.8 3.15 0.08 21,966 30,204 39,618
Initial setting time (min) 231
Final setting time (min) 407
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Aol UL 2 100mmx200mm 27]9] FAA S
dfgulE R 242k 1SN AAsksic S FAAE
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(@) A2l case 3

a7 2. E22AM

40
—~ ©—0—@ W-16.8kg, C=0.72kg
H——8 W=16.8kg, C=1.65kg
B A—h—a4 W-16.8kg, C=2.64kg
E’ etk W-16.8kg, C=3.60kg
4 30— ¢—6—¢ W=16.8kg, C=4.56kg
Z
o~
~—
@
v 20—
Il
E |
=
=
10 L I I L

PA:FA PA:FA PA:FA PA:FA PATFA
=0:100 =30:70 =50:50 =70:30 =100:0

Mixtures Proportion

=

(a) &=eH| 31%

38 3. Rl wE
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(b) D=2 case 3

40
~
E i
=
& 30
~
< @—0—® W=19.2kg, C=0.72kg
& 20 |- | m—m—m W-19.2kg C-1.68kg
= A—d—hA W=19.2kg C=2.64kg
g L | #e—se—% W=19.2kg, C=3.60kg
= &——& W=192kg, C-4.56kg
1
10 PA:FA PA:FA PA:FA PA:FA PA:FA
=0:100 =30:70 =50:50 =70:30 =100:0
Mixtures Proportion
(b) &eH| 34%
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E 5 Stk v3ehE ARG 9= E3to] AT
Ag0] ot 540l AstElE AR ERIEIH
g 2 #AR).

AHE O] W37} E29of t|X]E JIFE goti 7]
A& H1E DA T A HEHS 1.4%00 A 8.2%
2 F7HA H3} S B4 AdEdT &
2 AHE=FS] F3bol| what 7t T A9 ol
UERA] oFal T Ef2le A AT ad 4 &
Z). wEtA] 1.4~82%2) A|HEH] ¥ish= £297)o
At A9 FFE 72 S & = Ak

Fpu| o) P Totely] 3l AUMEHE
0 F S 30~35% ool A HBAI7|HA ER
SAEE AAEE WEITE ARREE H-HEDHE
A5t F=pu]7l F 31%004 34%= F71gto) whet
E29352 oF 3~10cm F7I8 AL v 3uhS ARgst
8= Tt SUlE E295R2 oF 1~9em FA

SHATHHE 5 F=).

40

@—@—@ PAFA=0:100, W=16.8kg
W——1 PA:FA=30:70, W=16.8kg
B A——i——A PA:FA=50:50, W=16.8kg
Se—de—k PA:FA=70:30, W=16.8kg
O—4——@ PA:FA=-0;100, W=16.8kg

30—

20

Flow Test Results, F(mm)
1

10 1 | 1 | L | . |
0 2 4 6 8

Cement Contents(%o)

(a) =rH] 31%

UEAEZ = i3]t v|3] 23], AlHEH], 3
o] 53 22 Zhzhe] g4 o&Esty| fiie] 71EY
Z¢&7E9] 0.5~ 1.0MPaS THESH= wigh]E tioF
sltt. 1 FolA AMES] g Fassta 294k
< WEATE i 248 FARuigEE AAlskaL
2} gtct. wi g 3]t v|sle] E3u], AHEH], gH]o
o3t A&AEH =SS 2ok 1Y 622 LEh
ek

119 60014 yEofl BalskA 1A HA 5 st
0.5MPa, A3HdS 1.0MPag <|u|gict. AFghiat 8}
A Aolo) ZFEY Q= A7t NELEYFAEE
RHESHE Af-oln o] djo] uiEul: AE AT} Y
o} u|3]¢] AhA Z3HE] 0:100~70:30, A|HEH] 3.0~
5.0%, $H=H] 31~34%0°] AFEE A2 Y.

7128 WSS wiEy] oA AHE S i
38 4= e HAuEHs dgsel w3 Em
(PA:FA) 70:30, A|HIEH| 3.1%, 35H] 31%0]H oj=

ot rlo

40
~
E i
=
# 30
g L
é ©—@—@ PA:FA=G:I00, W=192kg
k-3 l—HFAfFA;S&?D,WiIQJ.Ig
& 20r o
B 0—0\_* 4——¢ PAFA-G;100, W=192kg
—o \\
= 10 ) | L | ! | )
0 2 4 6 8
Cement Contents(%o)

(b) E=H| 34%

J8 4. AHE 3 2 SERAEY

-
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@—0—@ PAFA=0:100, C=2.64kg
B——8 PA:FA=30:70, C=2.64kg
- | A& PA:FA=50:50, C=2.64kg
Je—rde—k PA:FA=70:30, C=2.64kg

4—4— PAFA=0:100, C=2.64kg
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Flow Test Results, Fmm)
]

—
-

W
=4
w
—

32 33 34 35
Water contents(%)

(a) AIMEH| 5%
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i PA:FA=30:70, C=4.56kg
- | &—e—A PA:FA=50:50, C=4.56kg
Jo—ade—tk PA:FA=70:30, C=4.56kg
@—&—& PA:FA=0:100, C=4.56kg

l._._. PA:FA=0:100, C=4.56kg |
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Flow Test Results, F(mm)
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32 33 34 35
Water contents(%b)
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Strength, UCS(KPa)

Unconfined Com
[y
)
S
S

Cement ratio (%)
1.4%

31 %
48%
64 %
8.0%

50:50 160:9
30:70 70:30

Water ratie 31%

P.A:OF.A 0:108

2100 150
30:7¢

Water ratio 32.5%

0:10¢ B 100:6
30:70 70:30

Water ratie 34%

$00:0
T0:38

Mixture proportion

T8 6. DHRIS|9 His|el E3u|, AIHEH|, =0l WE

AR Ewoe] B 7E oF 42%, vl3] 18% Wejol aid
ghet 19 59 AX®sht gh4eu] 31%0] Bt 2 F
oflx] PAFA=70:302] 7320l A o2 AJHEH] 3.1%
FEARE 7 s e Al AHERR
Faslsto] ARG Bk oh gl Skl oA &
e EEE Adder o ol AR £ Q=
Higrolch. @A ol YA Aeks]e] vy 3o}
8|3l mignl= 70:30 HmE w37 gol wigE 1
= Aol 7HsEt WP E Wol Abgslor & e
gol 7] wizolrt.

netA 7|EdEE UEshe M oA 4=}
A=, BAAS, 8L 1Y
o} ua] o} ] 70:30, A|HEH] 3.1%,
4 Ao Ame

A cased 2 AWEW 7)E ASYSHZAE(AT 28
e 718 0.5~ IMPa)E YhESH= A 9= A9 case 3
(0.81MPa), case 8(0.68MPa), case 14(0.78MPa), B7-2] case
8(0.81MPa), case 13(0.81MPa), C£2] case 13(0.95MPa),
D9 case 2(0.55 MPa), case 8(0.89MPa), case 13(0.87
MPa)©] ¢{tt.
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