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An experimental study of compressive strength characteristic
for CLSM using Industrial By-product
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2 o E AFoA = AdRAEE 5 iAo TSk HIE AL Al A g5l Tk £X1S 7
SSIE(CLSM, Contrlled Low-Strength Materials)?] &2 ARE-slo] A& HAYE S5t} st E3] AlE
4 EA defiA= gl A7 AY o] TR A Agton, 99 Afols A7t AR AT A7 A
= AAolt. B A+ {FESEE SAZ IR EE 0.4 MPaZ2 HEEEE 5191, 289 IEAEE 1.3 MPaol
HEE AASIAT. Alg F ARFY] 0] 7Hett At HREHESE JPIEE AAstAeH, 28Y SN EE AR
BaZAbollN S53ES Tllsh] 41 &7t Heg A oldt #4-2 uioll AA=] UA| grotA vl=at
PEFHS FEoIh o9t 22 widHE HASH] AsiA A @44dS AAst @342 d3o]
o 31 m HE T2 TAF HH97] 3] F8ston, @A FEIE FAAE ©E0] SAITE dEFE 28Y
FEHAEE SHoIL, EF FEEY AXNZ ST EE SA5H7] fote] & 3718 |-3HEl Wyste #
Ao g HolgHg 4 0}04 B9t I 23 5AIZE A3 EE 0.418 MPa, 289 4573+ 1.351 MPazZ &35
o] A vjgmg W&ol AR wHH

it

Abstract Bottom ash generated from thermal power plants and dust generated from the desulfurization
process of steelworks are industrial by-products and used as materials for controlled low-strength
material (CLSM) to expand the scope of recycling. Few domestic studies have been conducted on
steelwork desulfurization dust, but overseas studies have used it as an alkaline activator. CLSM was
designed in this study to have an open strength of 0.4 MPa for 5 hours and a compressive strength of
1.3 MPa for 28 days. After construction, the opening strength was set so that a vehicle could pass over
it, and the 28-day compressive strength was designed to be easy to crush the CLSM in pipeline repair
work. Since regulations were not presented in Korea, reference was made to US and Japanese
regulations. In order to design the mixing ratio, an indoor experiment and a field experiment were
conducted. The field experiment was done with a backfilling process of pipeline construction with a
length of about 31 m, and a CLSM specimen was made on the site. The compressive strength was
measured for 5 hours, and the compressive strength was measured for 28 days. To measure the
compressive strength of the field CLSM in real time, a seismic wave-measuring device was embedded in
fluidized soil, and data were collected and analyzed wirelessly. As a result, the opening strength over 5
hours was measured as 0.418 MPa, and the compressive strength over 28 days was measured as 1.351
MPa. This indicates that the mixing ratio was appropriate.
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1. M

Aetsle D4 wet Zeto|ofA](Fly ash, B3,
23A)), AlEfofA|(Cinder ash), BFEolA|(Bottom ash,
A3, )R FEEI 9lom, o] F HiglojAlE A
24 shRoA A= Aud]E FY AR (Clinker
ash)Zt = ot F4%ks] WA 5 F 10-15%F A
skar ik Ly @Akl Hlsf o]& Aeslr] fIgt v
AU AYAAE gH7t o9 g wiger QI
B G 7 Sotota Jlom, AAFFY HAasleh=
ZHoA Het3] Qg 2 FHol8o] FF Ar|HoR
iAol & EAZ A= Q1] = dd]= A
7k 9F 800 E(E2tolofAl, viEolA] 57F) oldo] vi&
= glow, dA7EA] Wi A3l 0] o
I = Aot Aeks] WAk tiEe] Avd] g
|2 Z&lo|oA] 7]&2Z 2010¥ o|FoE= 50048 &
ol L= HAF o2 WARF tiv] F 70 %<
A AL-gsta 9o, g AEs|E A
S B2 W An 7 A Aol wigsto] At
QUeH2l. waEbA] 200749 ARARFER 7eREdoA=
HEHNAE Hafiut 2Hd tf-§0& ARgsto] ZH JHIE
Faslelal sl 4o PEAE dHFoE 4
4 EE KS F 45709 BA7|&& A A9,
A E A-E5to] AAER, TUEST ==& A
(=9HY, 227134 52 AMSSHES Skl Qlrt

SRS AHA AATHFT 2@FTHCNA LA
Hot AELEFEAL A7 4THE o]4fo] FAYET glo
U 354 59 SRR st AWV ER B
Elo] Hytolio] HEEER Eotal wigEI glon,
g ul- 8k =i o] gota Qlok. Tk FH WA
&) AgtEle] Slof 87149 Hdo] AlFEE A%
o|cH3].

£ AFoA= o]2fet AARAET} AYES AHESH
of At 5 @4, thRlo] ofE TR FAL HHL,
AGEdsE 94 5o A 4 e FestE AEsta
2} skt

oA FESkEd tiet AA171E0] nESt A
ot} ZloME PEFTo| tiste] ACI comittee
229(1994)0l4= AZ2rE 123 F53E dE5U4S
ZEE 2.1 MPa ©J3}, TBR(2008)°14= 0.35 MPa~
1.0 MPa, YEA= Loty tjdae] =8 /-5
SlEo] /4% 0.14 MPa ©14, 28¥ ©1% 0.6 MPa
olst&2 Algtst Ut T3l ¥t 359 4 Al 0.1
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MPa~0.3 MPa ol AAlstaL Sty 2299 H¢
ASTM D 6103914& 1559 2% 32 200 mm
ol 710 & AAstLL lom, dEAA= A§t F
59 24 A 200 mm oY I5S AU 9
oH4l.

ulaka], AEetaat she FESEE SAZ A
0.4 MPa, 2% 200 mm o4}, 5% #=29] B4 B
S Y3t 289 Y=L EE 1.3 MPac] HEE Z+ A7
sl wigt & AWAEE §HE Axjste] widlE 23
stoich. 2744 wiEAE AFEste] AEE SFHET
Atol] Agstar, @AM AFHTE FAA ] el F5T
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2. Higto oE {330t

2.1 AEX=

2.1.1 EEEX

E 3o ARgE =REAL oA HoA wiEE A
o7 ABRBEA Ax Na,07} 44.8 %, SO57}F 41.6 %=

BRI HE&E 745 Qe AR Yehton, o
Q=2 24.7 KN/m’olth. Table 12 g8H2719] 4
EEY AWE vehd Folo}, E3 3R dvtE
A GAsHA2 BERote] FjolA] A=Al JITH5).

20T

Table 1. Chemical and Physical Composition of
Desulfurized Dust

compo. [ SiO; AlLOs Fe,03 TiO2 CaO MgO

quantityl o6 | 012 | 022 | 002 | 022 | 004
(%)

compo.| NaO | KO0 | P20s | 1O | SOs f;:t;‘;

qu‘é?)t“y 48 | 017 | 002 | 077 | 416 | 117
0,

2.1.2 HIHOHA|

£ Aol AREE BFEojAl= 003 HA0A HiE
H AR . FTFo| wet thefshA Bl il
U AE7E 2 S AEAE Asp YASER vy A
B9 ZZ AEE Aoy, vlEd viglofA|e} o
A= Fig. 19 Ueigich vHEofAg] e 9
34 LA-950 Laser Scattering Particle Distribution
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z7e e

Analyzerg ol-&st3loH, 349 t7] 242 2% 23
C, %= 31 %°IUth. Fig. 29 5 52 g A=
¥ HAER Yehfi ol 2 =g vlo]a2u|E
2 U, 25 52 349 54 viEoiA Y &S H
AEZ Yetfiglet. Fig. 2004 treRd A3t o] vhgof
A9 9474 EEE= 0.100 m~262.376 mOZ EA =]
ot & WOl EXFHL 7H a2 T F & A WA EX
& 274 0.296 mol™ F2 1.647 %01, & HA &
AHE A7 11.565 molH F2 6.934 %= EAEA
ot HiE s W3] ol vigoiAl okt S2to] of
Aot BoF nlgEEo] AE3tEof Qlrt

(a)

(b

Fig. 1. Bottom Ash used in the Experiment
(a) Bottom ash powder (b) Bottom ash site loading
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Fig. 2. Bottom ash Particle Size Analysis

HiEoA|9] HE-S B3] 54 KS L 1614(2016)
7o wt AAstlom, ARE EAVIHE R 2
g Zetzo} wag 2AH(ICP-OES)S o835t ARS-
= ZH¥Z& Optima 8300 AR&slgich 427
Table 29} Zon, @Fae 21.3 KN/m’o|th

UnderSize(%)

2.1.3 SIXE U AHE

£ Aol AMgE EFES] E2F £/ Table 3
of Jehfigltt. 4EE A2 29.36 %, EH41.83 %,
#2004 S22 28.81 %E SLEFHA AEA R
(SM=Z R4

ALGE AHIE(1S ZENE AWE)S B8 EA43%
2 Table 40 Uepigict. aigtv]o] o=t 22 229

USAEE SRRSO, Fig 32 BRI} YIUE

2 249k 2ag UhAL 29EnE gl
Table 6°] sttt
Table 3. Physical properties of soil
gravel (%) 29.36
sand (%) 41.83
#200 Passing(%) 28.81
Specific gravity 2.636
Plastic index (%) N.P
USCS SM

Table 4. Physical properties of ordinary portland

cement
Compressive
Setting time strength
Density | fineness Stability (MPa)
(g/cm’) 2 %)
8 (em™/8) [ ieial | final 3 17 |28
(min) | (hr) (day) | (day) | (day)
3.15 2,800 60 10 0.8 12.5 | 22.5 | 42.5

(a)

(b)

Fig. 3. Flow and Compressive Strength Test of CLSM
(a) Flow Test (b) Compressive strength test

Table 2. Chemical and Physical Composition of Bottom Ash

compo. SiO, AlLO3 Fe O3 TiO, CaO MgO Na,O K0 P,0s MnO
quantity(%) 60.5 24.0 4.59 1.16 1.71 0.90 0.97 0.79 0.21 0.06
compo. V205 SrO 7rO2 BaO LiO Cr20;3 CeO; SO; LOI Sum
quantity(%) 0.04 0.09 0.07 0.11 0.02 0.01 0.02 0.27 4.41 99.93
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74 Al
= =2

2.2 20 AU AH 2.3

£ AFoAE SAZE AARREE oF 0.4 MPa, 22 2 AfolA 8 AL uiE oAt B3N] &
9= 200 mmoly, 289 AFAEE 1.3 MPa A2 2o YT IFS F, 5SAE RS 7h
HAE = Qs Aol A siylth 229 S Holelr] 98 FAIA S No. 59 241 $4
AP ASTM D6103, U574 APS ASTM D4832  AFS AAsch

of ojaf HAlstaict. 71 ggRzle] tigt ] A= AEAEFE4 - EFEA) - B vEE 1005 ¢
7t BESLe] 4o SR RS AAlste] A3kl 5) 1 0.5& ujgtslo] KS L 1SO 95979 %%*011 whet
3, 1 FolA AL E299 Aot visHA HEE SZARKEE F78513oH, Fig 4= 280 2 A% 2
FAAS] AF At Hejoto] vehfidct TS YER Zlojoh A¥ ¥ 23 Az 80E, T2
NS It FAIAE Table 59 Wehd 23t 2 Az 140802 ZH =9l

o] 6ZFZ ottt FAIA] i vhEofAet 23t
A J83 o) vlE 77} 0.52 sk AMES] <%

2 vhgtolA] ot HRE Rl ] ol gt Hl%i Lt
1410“4 a2]3 FAA HE No. 1, 2, 32 dAFEY &
2H|E 0.602 o1, AME G 224 %, 6 %, 8 %
2 et E3h FAIA S No. 4, 5, 62 AFE
FHES FHHE 0.52 3, AHE ¥ 7*7# 4 %,
G %, 8 %= WASIAT BAIA AYS ASTM D4832 @ 0

_ Fig. 4. Initial and Fimal setting time test
of 9ste] Zo] tf F79] vlgo] 2:1%! $50 X 100 Af (a) Initial setting (b) Fimal setting
8ot9lom SATE 715 FAS HAlSHIT

E299 ASUTE SHT At AME o] 6 %Y

2R

op
0%

m)

o

=2
=
o 2297 7P¢ 2A DS, /\WﬂE ol 8 % 3. RSAE HE XME A
o ASAE7t 7P 3A Yt Add EE299 &
Z7}eo] AT ujgke ZAH HE No. 57} A3 A g A& A2 Fig. 59 Zol A AFdA 889
-~ of Al Best BHE To| BAYE Bt W
Hoz AZSHT, AMEL 15 TEAE AMES A4S
Table 5. Mix Proportion of CLSM(weight ratio) SHEATE
Binder
Case | Bottom | Desulfurized | water soil ceg/l;znt
Ash Dust
No.1 4
No.2 0.5 0.5 0.5 0.6 6
No.3 8
No.4 4
No.5 0.5 0.5 0.5 0.5 6
No.6 8
() (b)
Table 6. Flow and Compressive Strength
Case flow (mm) Compressive strength (MPa)
No.1 170 N/A
No.2 184 0.445
No.3 125 0.776
No.4 183 N/A © Gl
No.5 207 0.418 Fig. 5. Field Test
(a) Before field test (b) Pipeline installation
No.6 145 0.626 (c) Installation of elastic wave meter (d) CLSM casting
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@3 eHol] o vl Table 59 3414 S

No. 59 mket S, 5AIZF RSt 289 QA=
& 245p7] SIo) BN BRI 21708 ARt

SAARL, B9, BR9E 233 2UE Table 791 1}

oh $AARRS 22 708, $4 130808 574
R=R

=

£ 1.351 MPa2 S4Ho AAGE=E U=

Table 7. Field Specimen Test

Test Test result
Initial Setting 73 min
Setting time |KS L ISO 9597
Final Setting 130 min
Bleeding KS F 2433 0%
Flow ASTM D 6103 207 mm
. 5 hour 0.418 MPa
Compressive ASTM D 4832
strength 28 day 1.351 MPa

T3 9% ST S4E Yol 2719 S0 =3
=
g

UCS(kPa) =8.32E—10. V% )

e 24719 AP of#f9] Table 8o UERAS
ok IAZF A0 R E7g% e Te] AgEEE 1Y ©
912 Fatsto] 1 S Fig. 6 (a)° UEfilem, Eq.
(Dell 9Jsf =R T4kt Fig. 6 (b)oll UERA
o} BT Hegt S34T B & A9 397
dlole7} =R Aokt ol ofd g T £717t
AEIEES AR ST IEE T & glo] &t fo]
H7F 008 ASEUL, A 3Y ol RE = f5IE
£ AR sto] gTE Aol £ dolEvt HE
Houch A 119RE A 147 gdTEEE
885.84 m/s~887.25 m/s& ZAHHJYN o] £=E &
2752 SASHE 1.99 MPa~2.00 MPaZ AFgE]o]
o] 7|7t BRI AFAE F7IFe] Ao WAYSHA] sk
ot w2hA o|BEE REHEY T dSLEE e
st &0 54715 ol 8% AEAE EHE 45
oA EY A SREH[7] 95 2478 ol8st
NPAEY] S tha o2 A7 ee] 4L 7}
53 Aog mwokdd

o2 AN
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Table 8. Elastic Wave Meter

Bandwidth 20 to 500 kHz
Ultrasonic pulse velocity
0.1us
+125 to £500 V (UPV)

1x, 10x, 100x, AUTO, Pundit
Lab+ up to 1000x

24 - 500 kHz

Square Wave

Technology

Measuring Resolution

Pulse Voltage

Receiver Gain

Nominal Transducer Frequency

Pulse Shape

1000

900

800

700

600

500

400

300

Elastic wave velocity(m/s)

200

100
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(b)

Fig. 6. Measured elastic wave velocity and analyzed
compressive strength.
(a) Elastic wave velocity (b) Compressive strength
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AINAISI Ol A] AL % 5 o] HistulE sl pp.23-29, May 2019.
2) AiERolA FAA W2 No. 59f vigh] = ek DOL: https://doi.org/10.14481/ikges.2019.20.5.23
= gAo] =3 3} 5A17F Ffulr
d @] SHEC) diRh SAIRE =t 28 [5] E. Adesanya, K. Ohenoja, A. Di Maria, P. Kinnunen, &
d dEAE 191 E29E 3 A9 A M. Illikainen, “Alternative alkali-activator from
T 0.4 MPa, 289 ¢=7% 1.3 MPa, Z2<& steel-making waste for one-part alkali-activated slag”.
o =1 94 S T2 Journal of Cleaner Production, Vol.274, pp.1-12, Nov. 2020.
200 mmolds WEate] wigu|e] Adde =F DOI: https://doi.org/10.1016/i.iclepro.2020.123020
5t A o]0
g 5 Al [6] S. S. Park, S. H. Hwang, “Relationship between
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0] & &(Won-Hong Lee) (332l

o] 75 Ao FAHLE, 1FEA Aot
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