J Rec Const Resources 2(3)247-254(2014) Print ISSN : 2288-3320
http://dx.doi.org/10.14190/JRCR.2014.2.3.247 Online ISSN : 2288-369X

sl0128 S ZY|mSHE 232|E0 R U THH 54 T}
Evaluation of Flow and Engineering Properties of High-Volume

Supplementary Cementitious Materials Lightweight Foam-Soil
Concrete

ol . opa542* . o 4
MM - gas - 0j3s’ - 2917

Sang-Woo Shim' - Keun-Hyeok Yang® - Kyung-Ho Lee’ - In-Gu Yun*

(Received September 18, 2014 | Revised September 22, 2014 | Accepted September 25, 2014)

The present study prepared lightweight foam-soil concrete mixtures classified into three groups. Considering the sustainablility,
workability, and compressive strength development of such concrete, high-volume supplementary cementitious materials (SCMs)
were used as follows: 20% cement, 15% fly ash, and 65% ground granulated blast-furnace slag. As main test parameters selected for
achieving the compressive strength of 1MPa and dry density of 1,000kg/m?, the unit solid content (dredged soil and binder) ranged
between 900 and 1,807 kg/m?, and soil-to-binder ratio varied between 3.0 and 7.0. Test results revealed that the flow of the lightweight
foam+soil concrete tended to decrease with the increase of unit soil content. The compressive strength of such concrete increased
with the increase with the unit binder content, whereas it decreased as soil-to-binder ratio increased, indicating that the compressive
strength can be formulated as a function of its dry density and soil-to-binder ratio.
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2 A9 =1 OPCYl MES AAskIHM 26 458
£ 43| & £ Ql= =35IXK(supplementary cementitious materials,
SCMs) CHEX|e ZEME 7|8te2 A/ |EeglE 232|EQ)
tigfS HMAlSt= AOICH ZE7 I Z23e|EQ 222 ¥ Y=d:

S 745

HelS Sofl 2= X2t Hlgs 24 oiven, 2EE-Zei|
| o

21 M=Ed

2 o4710] A2 ARRE OPC, 1242 (ground granulated
blast—furnace slag, GGBS) 2! =20 Of4(fly ash, FA)Q| 35t
AMHIZ Table 10| LIEILAICE *IXHZE(Source material)2 A2
= OPCO| W= 3 150Kkg/m°0|M, HIEHES 3000cm’/go|Ct.
GGBS 2! FAQ| Y= 242+ 2900 2 2,210kg/m’0|H, H|EHA
2 242} 4,400cm’/g & 3,900cm?/g OICH AIRE ZAES UE
7} 2.650kg/m’0|0d, ZAX|HO| MEEAHO| ZHES AIB3L
Ch Fig. 12 ZMEQ| Y BRE LIEHHT UOH, 2 5mmoi|A]
14.3%, 1.2mm0i| A 13,.3%, 0.6mmOf|Af 23.1%, 1.2mm0i|A] 13,3%,
0.3mmOf A 20.2%, 0.15mmOi|A] 23%2| EXE LG} 7| AN
S Qlah AFRE 7|29 U= 1.060kg/m’0|H, SIS E

OIR| o TS B S50 2 7|EHIE AIS5HY

Table 1. Chemical composition of selected source materials (%
by volume)

Materials | SiO, | ALO; |Fe,O3| CaO [MgO| K>O | TiO | SOs | LOI*
OPC | 19.6| 51 | 2.9 |62.8|3.9[0.89|0.18(2.5]|2.64
FA |57.70| 28.60 | 5.08 | 4.70 [ 0.67 | 0.57 | 1.53 |0.68| 0.1
GGBS |34.70| 13.80 | 0.11 |44.60|4.38|0.48 | 0.74|0.95| 0.24

* Loss on ignition.

ZEel MYS 2fel SCMse| 2 HIg2l Hatof| w2t & 4t
29 4g7|2Z32|E HigHS A6t m(Table 2), &
PO TFL(S, 7 A 28Y) LYFLEE SHoIUCE, 72T 2|E
2ol £ Has SOMO| XREZ YFEE| LS fl6l FA
o] 2SS 5% THIUOH, GGBSY X|&E82 0, 35, 50
2 65%2 HSIAZACH GGBSS| X|2H80l| et OPCel HIZL 85
50, 35 & 20%2 ZIASIRC AlSIZT} GEBSO| £01260| Z715t
+E 7|ZEI2|EQ UFLEE YAoICH, EER= BI6t
AUt YbtHon AV |HSRIE 232 Es &4 02MPa0ly
o YFLETH QT &, L oiE A X5t oiEE R B
ME|7| floll ST140] 40k BITHLee, 2006). STl =&
£ Qfoll 2227t 718 =2 80 ZEME ZVIREEE 232
E9| ZgiMiz MFSIAUC et 7 |ZSEE 232ES ¢
5 ABIXH= OPC 20%, FA 15%, GGBS 65%2 A E/QICH

BYV|LEEE ZH2|EQ| HIZYME Table 301 LIEFLAXL
O, YEtMo2 ZV|LedlE 232|EQ Y=ZEet e M
sol= 2, &4 ofS Whert 7122 X AH]
= HZEMY, =-2eBl(w/B) 12| =EEZ0| ol 2
Ho| Hof, BV ILEEE ZH2E0M SEEFn TR ZE
Y2 SH UEIE LS SHol/| Aol 2a=/ofol 2 SR
of Bi4-0[Ct, Ofol| et =HELF ZYTHH Ol Hat & FHE-Z
el glals #2 Ha2 Aol 42V IEEEE 232

Table 2. Details of prepared mixtures and summary of test results
for foamed concrete

o 100 o o Compressive
k= %0 Binder by P,
g ~ Specim-| W/B| weight (%) |Foam| AD* [Flow (MPi)
< f% 60 ens | (%) (%) | (%) |(mm) 31 7 [ 28
[P R)
§D§ 40 1 OPC| FA |GGBS days | days | days
§ i 20 - SO 85 0 |722 180 | 2.05| 3.5 | 3.56
—
;:2 S50 50 35 1 70.2 160 | 1.21 | 2.19 | 2.39
0 LJ T T T T 32.5 15 1.75
0 5 g 10 $65 35 50 | 69.8 175 [ 1.34{2.55 [2.58
Size of sieve (mm) $80 20 65 | 695 225 [ 1.19 [ 1.74 | 1.82
Fig. 1. Particle distribution curves of dredged soil *Admixture
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Table 3. Mixture proportions of lightweight foam-soil concrete

. Designed W/B .Total amount of |Unit binder Compositi(')n ofobinder by Dr}./ Soil-to- Moisture conte‘nt
Group | Specimens fc.)am %) b1nder. and drc;dged conterslt weight (%) den51t3y binder ratio of dredged soil
ratio (%) soil (kg/m) (kg/m’) | OPC | FA | GGBS | (kg/m’) (%)
A 0.7 59 900 225 700
I A 1.0 45 1,286 321 1,000 3
Al3 24 1,671 418 1,300
B 0.7 61 900 150 700
B 0.85 53 1,093 182 850
il B 1.0 45 325 1,286 214 20 15 65 1,000 5 40
B 1.15 36 1,479 246 1,150
B 1:3 28 1,671 279 1,300
C 0.7 62 900 113 700
m C 1.0 45 1,286 161 1,000 7
C13 30 1,671 209 1,300
£0| 2E YAYCE 1 MPa0|l, 2B UTE 1000kg/m0ICh  HEES 9 R eBl0lN B3RS ZEm ohul 175 % Hotst
S22 Yo B LS 05T 4 U= 28 XH0|H P
7% 2ol met 7|2 22 =T Het otthLee, 2014)
kM A8 Al 7|5 22 2] chet =Pt ERsict 2 Al 2.4 Hgdi 9l =Hsiy

Fe|mEme =] iy & M7IZUAZ A8SIL, 7|
T 256182 21 BMst0] ABSINTH YE|EEEE
Bt Wit Do T F, A _ _
= L Bt Do () E32E0| wEAHe ZEKie 22 Aol HOLEE Hx &
B42 40%0 ZNES BU5I0] ZEet ZHE0| BalAE)
_ S MABIITH 070l 7|RYADIE S5 AR 7|EE B9
o7IN S,= g2zl zoln, B, = ©9 ZgMol, T C° " s mees
oo . ° 5101 J|nEsls 232|ES MNEITHLee, 2014). 27|
W= B9 20D, D, = B9 ZNE0n, fpg o0 TETT o = R .
; EERE 2ar|Et HHsE 2 720l 8l G20 B2
7|ZE=0|C -
S Ze7|mEaRIE KS F40399) A0 £510f 27| i 23]
Al = 21 gl AX™ME] =AM ZAsSHHzES
= (UETE' ji EEO“ [I:I-Er EOx_l T'__Eigl' EI:IIHOI_ EO“)\‘I %E‘|E| E‘ElE, % _<'3_ E’cl 5&!8"%0'% égél_%gm go
S =
00~1671kg/m” BAA MBSO, SAE LU HE 0. 2oy ma ws u ARG 7% 25 URASE 5Y
50 %100l SIREEE 2RARS EATEAGAL oy v n HzplzsYE masis0 B2 UEE 45
AN PEESION S = IISotE &3 =2
EEE-ARN SIS Do) (2 SSIEEEE SALENE ) oy saip) wirer w7l Aol iR 2AIROD, 25T
X EMS 2G| 96l & 11HIEI] ALJHISIAISIS AslEiod -
ek f’}” | ol & ot - WIECHS 28R coluasp) o 22t wsel sdvel A8 S
ol = 5 i 2oz "25100} = _ . _
o, FUE-ZEMI U2} 371X IBOR BRAUL BE 1 ac 2ng ont 2o (mEsE males A2 39l 5
29| HA= AHalkSSe o Al 0|Ct O20 w2t =AM 245t _ B _ _
SO ERS SYEEE L0 280 U EEETE  geg anisio) nig 28Ul 25 QIR YRR 3
IHm% tﬂﬂ}\\ﬁgm, 1%' E!_(l ”l% _PI'_Q_QE,?E#O‘:'FIH Hljl' 7|-7—\>- 31" Iﬁ8|'7| o|3|_ 743F7|E§3FE EEE|E\_ IHE:‘ 28O|77|’I| 2O°C A
o TIC ©o (=} [ e — (=] = =
72 HH U Ol HEIE Q6 ARt &AEZF0] 900, 1,286 & = s -
b e | = 60%0 B - SHEBZ0IM YMS ATt
1,671kg/m” 2 He5IRILH 18 1= %“E—ﬁO*XHHU} 50|
Bt ZEEZS 000, 1,008, 1,286, 1,479 L 1,671kg/m” 2 & 3. AsiZT U S
EL = T
S5I%LE, WS S-ZEH| Y ZHEQ| E4gol 2t HiE A s==T s
7|m7t AR 4 QoBR(Kim, 2012), RE BE| WL 2 & oA
. e 3.1 854
MEO| S428 217} 32.5% 3 40%2 THBIT, T3t 254

Fig. 2 & Fig. 30jM= HEV[EERE 232|EQ 2229
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Fig. 2. Effect of dry density on flow of concrete specimens.

(a) Soil-binder ratio=3.0
B1.0 B1.3

(c) Soil-binder ratio=7.0

Fig 3. Flow tests for concrete specimens

15
>
S
3
N
g
©
[0}
3
3
hu

1671kg/m> & f 2z
0] 380kg/m™4 7} & i
E-ZgITH[7} 5,001 &2ME-ZeXH 20| 900, 1,092, 1,285,
1,478 2 1,671kg/m Y [} 2+2+ 150, 125, 110, 105 L 100mm=
ZMHE-ZASX] £20] 190kg/m™ 7} & 1f 22205 15 L
SmmA ZASIUCt FHE-Z8XH|7F 7.00|2 &HE-ZET
£2F0] 900, 1,285 L 1671kg/m’ L [l 22+ 148108 L 80mm=2
ZME-ZSIY £20| 380Kg/m3**| =7} &t 222 212+ 40
& 28mmM] ZAGHACE o g2i2| =7t
S7/teol e2i2le] H=7t Z0EHM S227F d45iR17| =0
Bi(Lee, 2010), ZAE-ZE0| Blo] K2 A& 0/0jst Ho=
LIEHRLCE

% EEJE*@IH

=2F
[ ¥ e)
=205 of dommy ZAGIZ, E4

mol‘

ol

Olz 287|2 28&

3.2 82| 2=

FEE-ZENE7E 3,02 Sei2] Y=g FAE-BEATHO
900, 1,286 X 1,671kg/m’ I 22} 990, 1,380 X 1,770kg/m’2

LIEHGtOn, ZEE-ZBITRI0| 380kg/m® S718l0f mtat &2i2]
Ye=0| Z7K8 L O 140%2 M| AS3IRUCHTable 4). FHE-Z
S| 7E 5,091 32| Uz FME-ZSIXIZ0| 900, 1,002,
1,286, 1,478 X 1,671kg/m’Y 1 242t 960, 1,220, 1,370, 1,600
2 1,700kg/m’2 LEFGOH, ZEE-ZH| 7} 7.0 &2i2]
Y= ZHE-ZEZ0] 900, 1,286 & 1,671kg/m’Y Off 242t
970, 1,340 2 1,720kg/m’2 LIENHTHTable 4), ZAE-ZASX2

Table 4. Summary of test results for prepared lightweight foam-soil concrete specimens

. Designed sl Defomed | Slurry densi Dry densi Compressive strength (MPa)
Group | Specimens denSiny (kg/unl;?)l depth (mm) r(iyg/m3) ; Flow (mm) r(ykg/m3)ty 3 days 7 days 28 days

A 0.70 970 2 990 165 710 0.205 0.372 0.357

I A 1.00 1,390 4 1,380 122 1,110 0.35 1.61 1.45
A 1.30 1,810 4 1,770 88 1,360 1.38 4.08 4.14

B 0.70 950 2 960 150 680 0.178 0.251 0.270

B 0.85 1,150 4 1,220 125 890 0.290 0.460 0.340

i B 1.00 1,360 4 1,370 110 1,000 0.49 0.81 0.520
B 1.15 1,560 4 1,600 105 1,190 0.71 1.35 1.41

B 1:30 1,760 4 1,700 100 1,300 1.12 2.24 2.09

C 0.70 940 2 970 148.5 750 0.153 0.155 0.167

I C 1.00 1,340 4 1,340 108 1,030 0.79 0.89 0.83
C 1.30 1,740 4 1,720 80 1,310 0.87 1.44 1.22
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Fig. 4. Compressive strength development of concrete specimens
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Fig. 5. Dry density of concrete specimens
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AZ|EQ| M8 YU,
OOOkg/m 2 A
ZAgfAulolCt,

7N, fo= BBV IEZZEE 2
—ZEi7HHof et &4 2k o, (=
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1= IE

L0f ot 2

28|29 REX U YSUTE Nl

e=pe]
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HMppt %02 LiEfct

2 Za|Eesls Baals0| aaja Uzl el PRI, ©
AFMER LR U TI9| 70| BS S35 4
AL,

3. 2y |EEgE Faele0 ¥SATE SR AT Y XY
U} BIMEAE BIIEIRIOn], FME-ZEHY b7} X2
42 Y5Z=o| 57182 37 Ueldt
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2 AT0AME Ui 2 XIstiidE ISR AFBE 4 A= 2SS CH X2t 227 |ZR28E 232|EQ ENE
Iotetr| flah 3742 AEC 2 L0 AEGIIC 227 IZ2HE 232EQ X&7tsY, R84 ¥ UE4: U ndst
0 MENSH ZBITHE 20%2 EEEEMEAHESR} 15%2] Z210| 0§+ 65%2 T2&2HT0|Ct SH YFLYT 1 MPalt &
U 1,000kg/m3S 1eAotod MEHSH o MBHAR N T TS (ZMEQ} 23K 900kg/m30f Al 1,807kg/m37tX]
S7tol¥n, ZMHE-ZAEHH| = 3.0, 5.0 L 7.00( Ut M SIS Oy X2t Y7 |RESE 232|EQ 2224
EHEQ} ZEHZ0| B7tetH HASIICE RV |REFE 232|E9 UE Y ZHEY HEM0| S7l6HH Sotote
i, EME-ZSHE[7t S7tolH ZAGIUCH ZUMo2 AV | RS E Z32EQ| UL Lot THE-ZE b
of B2 MAIE 4= UACH

254 vol. 2, No. 3 (2014)





