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In this research, a physical property test of CLSM, which can safely and effectively utilize a great number of industrial
byproducts and waste types, was used to review the applicability of GBFS, FNS, and FGB, as well as their field
applicabilities as cavity fillers, and the following conclusions have been reached. first, For CLSM utilizing GBFS, FNS, and
FGB, it was revealed that a proper mixing of over 30% of GBFS and FNS or within 5% of FGB is effective in improving the
fluidity for field application. second, It was revealed that GF15B5 can suppress bleeding at a similar level as the base,
whereas GF30B5 can do so at about 0.17% compared to the base. It was also verified that GF15, GF30, and GF45 can
suppress bleeding at about 0.2%, 0.26%, and 0.3%, respectively, compared to the base. third, Both GF15B5 and GF30B5
exceeded 0.4MPa in 7day strength tests to satisfy the field application and, also, the rates of increase of their initial
strengths were found to be 323% and 233% higher than the base, respectively. Meanwhile, the 7day strength test of GF,
which utilizes GBFS and FNS, also reached over 0.2MPa for field application, and it was revealed that GF15, GF30, and GF45
show 160%, 237%, and 185% higher strength increase rates, respectively, compared to the base.

IYE  SHIUME, SSSHM, Sct0I0i+, 17SE, WS

Keywords : Slurry materials, Cavity fillers, Fly ash, High flowable, Recycling

LME

ACI Committe 229(1994)0f| = CLSM(Control Low Strength
Materials, 0|5} CLSM)S xH& 280| A=ZZEZ 8 3N/mm” O]
otz MOAR! S22/ =loilE =2 Folsta T Eoh U=
9| “FE2t M2 E 018 7I& OiF(2008) 0l = “HMoiY M
E a2 & HolE MEE iz ol Us fEeixieE
9| YE0lct,

el Maes QUTRH MAl 24=0iM MSEJE Mz
S0/ 4% R UM, 758 222, AY AHE(Soll
Cement), F5 ST S 02 71X| 0|9 M= 2 WY UL,
ofx|2t 552 Mzgs0ll thet #&0| B=iotk| LUH 22

L, ML=
¢ 2ooilel 2ets Sx{derd AMHRl A0l eEE M=

* Corresponding author E-mail: 97421053@hanmail.net

(e}
ro
lo

| g

O|C} EESE Horiguchi et al (2011)01] 2J5HH,
AHE D35t 59| 24E RS=t A=zl 2lo|2 2
2ot CLSMO| ZHE =i, SHE2|Ql 8o
LHE0| 255104 AZIML] X0 A
Ct SEX|2E ACI Committe 229(1994) 21 «
O4524(2008)°0il A CLSM2| S1EE&0i| I
SOHAHMRE A4S APRME H A
£ 0/80| SWIIX 0|ROXIT Uck
Kim et al (2012)0{Af CLSMQ| 75 2
=

O\I
40
2
Dol
H‘|

MUl

- i
02 N
-
Ral
>
=

9
= om

o =i
oA
$O o

30
ol o
fon
>4
o Hr
HM ron
oS X
N

I
oA
sl
=]
it}
40 2 M 2 o

A ox 0o
©

rol

nx
mlI
0=
Hm
on
10
a1

Jm
o)al
ro

>
0l
It
L=
0 1%
ul

o
M
N}
H
1o
ﬂ
>
>
~
(@]
rc
ﬁ
=
~

4

nr =

MHo

oy

Pl
<
H
S 0
% rnr
AN
RS
M =
o
OE 1M
oy B o
=0)

H—|

MUl

'=HriStn 4S5t} HIALIFE (Department of Architectural Engineering, Tong Myong University, Busan, 12345, Korea)
2=E0CEtn HAE TSkt ZAlu4 (Department of Architectural Engineering, Tong Myong University, Busan, 23456, Korea)

Copyright (©) 2020 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited



EESE Mizuguchi et al (2004)0f| A CLSMS gg gl X}7|
Y, A| Batd 59 52 7KL
& Aol oz oy 59 =nilg % %%%’SIHE 0185IH
=aPH0|22 714 20f0]Q] &R eler M&80| 7iset =2
elAlel =olE =0k
LtO}7}, Horiguchi et al (2004)0| A CLSME HixEMHEZE
B S5tV 20| 8o SHE HHVF EEQ5IEE M
Lot Y= EZHLM0| A Y] SEo| 2ot &+ ATk
LSt CLSME 2Is CHE 50| 2Zest 22 ZE2(Vibrating
Roller) 2! EHIH(Tamper) 59| CHEIE ZiH Q b
59| SAH|E 20| 753t 02{8t CLSMO| L4+5F A
= 5ol Efd & Zsf, ddlarEollMel ASEE
7] A

s
Al
2 2 LM(Road Surface) o2 ol Z=oiA
X4t 2
X

0
oo
ol

\\

e

=
(Cavitation)2 22 olof 71Qlete GAA SiM & ZE
(Pot Hole) & Al3Z(Sink Hole) 59| H4 - 2242
7101 SAE Eot0] 2 AYLioll nEMAZE 271E
S0l MEotH titts| suxQl Mz TEEC
CLSMQ| = AFBTH== SIAIEO|A Z2t0[0f+(Fly Ash, Olat
FA) ¥ Bt F2 A= QoL n2sianleY

N
=
B

N
S

rom
_Q.M"
oz

(Granulated Blast Furnace Slag, 0|t GBFS) 2 H|ZL|Zl&e)1
L= XH(Ferronickel Slag for Fine Aggregate, 0|5t FNS), FRPI|
M A FelHXIAH(Foam Class) 52| & MRS H TV [E2
= okrsoiX] 59 =l 2lMOIZE M=ol 0|27 |7HK] ChY
Sf SIEfO| TS TR XH22M S25| HES 2 4 Ut
2 HF0ME Tl AERAES THEEst Pigo| Xt
Af|7F STIQIZ ThH| XA ZLHC| AES LQtot ChEfel A
HRAME S 7|22 I RE #8E 4 U= CLsME| 7|

O

=M 2dAEE Sl SSETMEMS IEHHE TisdE HE
SIX} BT &, FAE 2%t CLSMS Base Higte 2 AXst
FAQ| CHA| THZ2M GBFS, ZFEBAHC| ChAl| ZHZZM FNS 2!
(L LE|H|= : Foamed Glass Bid, 0|6t FGB)E £8tdo=z &t
Eof CLMe| 2 g ElE Sall FA R TEEAQ| thA| z= A2
HME Itsde fMMeR HEsIa Bt

£3], 2 AF0M= 7IE St xiEds 221717 el
CLSMO| =2 AETH=RQI FA 2 ZtERHO| CHA| AHZZ2A] ZHE A
PREAZO| &8 WUOHS MIXoZ HESH| {6t GBFS &
FNS, FGBS E28Xo2 25t CLSMO| XA HIots HES}

Lo
S 2l FNS, FGBE =2gidoz 25t CLSMO

O\‘

%Ack Lobt GBF
BENE Yotom H =2 Y =010 BEHYL B2 A2
ABIRRIZ 1 A2b0| HIFED Qs ZES W 43 59

388 vol. 8, No. 4 (2020)

TEETRA XS THs80) fshME ASsHA Bt
018 S5f T2 Chl YRR RE HERS SN
© 22 JUf0IA] CLSM HITHXE 2 3L st 7|ZX0I 1}
22 FIHtAL BILY, Liopt XIZNHl= 35S TIXIGH ot
IS U HHS MR UL HBTH XS £2 W L9 SRt
2% nEg U 43E 59 ISEN2MS HHSS 93t

0
H|E™A : 3150cm?/g), FA
KS L 540501 &% 2 (HEHY : 3370cm/g, U= :
218g/cmA)2 AF2EIYICE ESH GBFSE KS F 25630 4= 35
HIEHA : 3980cm’/g, Y : 2.80g/cm)S AFRSI¥ L, FNS=
KS F 25029| H2L|IZASH IR 2,89g/cm’)E FGBE

YEREH|=(YE : 180g/cm’)S ALSSIUCH E5H XI=
o

—

FA GBFS FNS FGB

Fig. 1. Use materials

Table 1. Physical properties of use materials

Density Specific surface area | Absorbing ratio
(g/em’) (cn'’/g) ()
Cement 3.16 3,150
FA 2.18 3,370
GBFS 2.80 3,980
FNS 2.89 . 04
FGB 1.89 . 2.15
Sand 2.59 . 1.13
AE AE agent for mortar and concrete
Water Waterworks
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Table 2. Mixture proportions of CLSM
fem | Unit weight(kg/m’) Flow | Air
W | C | FA |GBFS|FGB |[FNS| S |(mm) | (%)
Base 308 | 20 | 413 1271 | 182 | 4.8
GF15B5" 308 | 20 | 351 62 64 | 190 | 1017 | 155 | 5.1
GF30B5 308 | 20 [289| 124 | 64 | 381 | 826 | 197 | 53
GF15 = 308 | 20 | 351 62 191 | 1080 | 162 | 4.9
GF30 308 | 20 [ 289 | 124 381 | 890 | 208 | 5.2
GF45 308 | 20 |227| 186 5721 699 | 218 | 54

* GF(GBFS+FNS), B(FGB), 5,15,30,45 = Replacement Ratio.
% Temperature 20°C, Moisture 60%

Fig. 2. Specimen and mixer, curing process
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10} “RES3 XM2|E 018 7|z DiFE(2008)72] CLSM AlE
g8 E87|&2 Table 31t Ztt
Table 3. Use quality of CLSM
Use Test item | Standard limit Test method
Building underground | Flow 160mm -~ Once/50m’
structures backfill | Strength | 200kN/m*(7day) | Once(3ea)/day
Civil underground Flow 160mm~ Once/50m’
structures backfill Strength | 200kN/m’(7day) | Once(3ea)/day
Underground space Flow 160mm~ Once/50m’
filling Strength | 200kN/m’(7day) | Once(3ea)/day
Footing around Flow 160mm~ Once/50m’
backfill Strength | 300kN/m’(7day) | Once(3ea)/day

"Hokkaido Civil Technical Concrete Research Committee. (2006). CLSM
Use Manual. CLSM Supply Review Committee.
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Fig. 4. Bleeding test method
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Table 4. Result of gush test

. Metal concentration(mg/L)
Test item =

Cr As Cd Pb Se
Base 0.064 0.001 0.002 0.004 0.001
GF15B5 0.083 0.004 0.003 0.006 0.005
GF30B5 0.088 0.004 0.003 0.008 0.005
GF15 0.071 0.001 0.001 0.002 0.001
GF30 0.076 0.001 0.001 0.002 0.002
GF45 0.079 0.002 0.002 0.003 0.002

Standard” 0.1 0.1 0.02 0.1 0.01

" Concentration of total C, value(hexavalent chromium measurement)
" Effluent quality standard of water polltants(Environment, 2007)
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