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Effect of Blast Furnace Slag, Hwang-toh and Reinforcing Fibers on The Physical and
Mechanical Properties of Porous Concrete Using Blast Furnace Slag Coarse Aggregate
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ABSTRACT

The effects of blast furnace slag, hwang-toh, and reinforcing fiber on the physical and mechanical properties of porous concrete
using blast furnace slag coarse aggregates have been evaluated in this study. The effect of the depending on replacement ratio of
blast furnace slag to cement was investigated such that the replacement ratio was varied to 0 %, 25 % and 50 %. Also, the
replacement ratios of hwang-toh were 0, 20 and 30 %. The polyvinyl alcohol fiber was used for the reinforcing fiber. A series of
pH, unit mass, and void ratio tests have been performed to study the physical properties of the porous concrete using blast furnace
slag coarse aggregates with the polyvinyl alcohol fiber and the replacement ratios of blast furnace slag, hwang-toh, while a series of
compressive tests have been performed to evaluate the strength property depending on polyvinyl alcohol fiber and the replacement
ratios of blast furnace slag, hwang-toh. The test results indicated that the physical and mechanical properties of porous concrete
using blast furnace slag coarse aggregates is affected by the replacement ratio of blast furnace slag, and the fiber contents.
According to the tests with polyvinyl alcohol fiber contents, the void ratio was decreased and the compressive strength was
upgraded.
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FAAZIT} (Park et al., 2000).

< AAue) gEEdER U AEst A4S 7HXAL 9l SHH ZAZ|E FopolA A9 R3] AsHA diFE]
t} (Kim et al.,, 2010; Choi et al., 1998). ZIZ|EoA A& I ek (Mun et al., 1997). webA ZA| BS54 st &
< A A, AEo] A Eohe ol 2AHE F9 AE sldshr] lste] tiekst d7F A=A Qlet (Park et
PR =2 OIS vEe, e St} ol 3ol ¢l al,, 2001). @A A= HAEE AL &% AR AHE A
IR Haddo] wrom Aol gt JRe] g7l o] AL Hafo] A9 iR Hexw ek 1y 449
j2o|tt (Park et al., 2002; Youn et al.,, 2009). th&/d Al AL A 4 zdrZolgls oA A4 Al T2 A
A ZAEE oA Wil Bt g S Ve ZA] gt Akl Hasdo] STl Stk (Mun et al., 1997).
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RSN BAE AR O BaeEY Bl ga

St oAl gt Aot 75 ARJFARES TA|RA] o]
3= 9FLolt} (Park et al, 2001). & dFoAl= ARJEA
=0 12EHT FRE v A 2aE Aeshaat o
o A 12&H1 2Ae 71SA, BX5A S0 AREE
= HEo| 7P AN Am B SAEAY 28 74
o] uj$ =t} (Park et al., 2001).

2 Atdsiel digt EAEE ddsthy] flste] Agta
wAo] 7wl FEHARYOR FHEA 9k (Han
et al., 2009). 53] A7 24d3lo] F&FS v2l= COLoll tht
SEAQl dAE a-teka otk 7] F CO.Y 4 A
o] 7|5RiskE feto] A4te] Wl Asat Wk whd
A9l ST ToR 7|SHE= Wuls] dojual Qlrkar o
otal, 7|13t ASkE gt dide] 4=go] dasitt @A
A2 o] ARJARE] fA19] Ha 2401 S AR AME-
o] oJgt LrmAlpoleh= Myl e Alzo] 21lA] wWHslkRT)h wh
2A A= glon H&r k43t g AR Al 9)
ot (Han et al., 2009). olo] w2} dj7] & CO.& A4sH]
Qste] EIEE A= CO, HIETHS Fol7] $let W
S 2k Qi) AJHIEARIQ CO, &3S 498 ton/109 Won
og B Aol 79 ton/109 Won ¢l Zof Hlgle] A3
T} E3E AIHE AGE AQlet 7MY B2 COE HiEsk=
Akejol oA AJ9] 135 ton/109 Woni} B|wsloj: oF 4
A= gk E3E A AAACE AHE AYikpol A AL
+ SRuiERRe] A AlA '] 3 % ol (Han et al,
2009). i AIES] AMERS AT AL A 71
Hslo)] FRAURI0] HE oSS T E T
o] dfoltt (Han et al., 2009). E3] A4 AHE 15&
AAREE o olilskerAo] wfEtFo] oF 870 kg AER AMIES]
AEERS HAaskele RS Jfto] Algdt AAoltt (Han et
al,, 2009). & dFoA= MBS 12EHT SAE A
afo] AMgelal, AMIES N2&H v 9 JES 0|85t
o 2|ggtogn AWE AR 7hho] W2 gl ZAE
o ul= YIS AESh= Al AHE AREF (hao] wf
gt ATl FrAfst Gofl BAIE ] fste] A4
A2l ZEHEUREHRE A9 0.2 % XTeto] oA
FaEQ 2e]-95Hy Aol A 5IE R8I
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& dode d2Eda we oA, A=sda nEE, &
B, FYNEYISANE o8t U 23R EY USAE,
T=E, pll, @9 SEEAS F7RIIE olE flsto] 2 &
AZE 100 % 2SI L 72 A4S A8, AME: 1L
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w&e vlRus e Aagenn AHEe] Ager
of M B4S WS ZeNATLAGE 02 % A}
garonn ool Bgloine] B2 tay YraasEl &
Ao s

2 AtoE 15 BE AHE, &4 SFE PVAYSR, 12
S 2 A 9 12EHIE ARESIYle JE, 18E
1, n2&T A2 B4 Table 1, Table 2 4 Table
3 Zom ng&eT S0 Y Fig. 13 Aok dvky
o7 NREHL ZAE ARSI AN A AR
ZAEY vlgto] Y5 FABIATE &0 =t (Mun
et al,, 1997). wehx 27] vigt A] 12SH1 A9 FHA
Z ZIVJHE A5t Higehs Aol dasitt e A
7} (Si0)2F &5l (ALO)S 8 AJEOE skl glom o]

Table 1 Chemical composition of hwang—toh

Chemical composition (%)
SiOz Aleg Fe203 CaO MgO Kzo Nazo
40.0 32.9 7.79 0.39 1.54 0.76 1.73

Table 2 Chemical composition of blast furnace slag

Chemical composition (%)
Si0y AlyOg Fes0s Ca0 MgO MnO TiO S
33.1 139 0.29 42.4 6.1 0.4 0.96 0.66

Table 3 Physical properties of blast furnace slag coarse
aggregate

Specific gravity
2.20 0.70 6.80

Absorptance (%) Fineness

Accumulation passage rate (%)
\

0.001 0.01 01 1 10 100

Grain size (mm)

Fig. 1 Grain size accumulation curve of coarse aggregate
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Table 5 Mix proportions of fiber reinforced lightweight
porous concrete

Unit weight (kg/m”)

Type of mix Cement| BFS Hvxt*gﬁg— Water aB;gS E]Zi Admixture

N, 1 Pl | 82250] - - | 8150 |1450.00] 0.00 | 3.225

Fiber | 322.50| - - | 8150 [1450.00| 252 | 3.225

\o, g [Plin | 2575 9675 - | 8150 |145000] 000 | 322

Fiber| 225.75| 96.75| - | 8150 |1450.00| 252 | 3.225

\o, g |[Plin | 16125/ 16125 - | 8150 |145000] 000 | 322

Fiber | 161.25| 161.25| - | 8150 |1450.00| 252 | 3.225

\o, 4 [Plin | 23800] - | 6450 | 8150 |145000| 000 | 322

Fiber | 25800 - | 6450 | 8150 |1450.00| 252 | 3.225

_ | Plain| 161.25| 96.75| 64.50 | 81.50 |1450.00| 0.00 | 3.225

Fig. 2 Shape of polyvinyl alcohol fiber NS ner | 161.25] 9675|6450 | 8150 [145000] 252 | 3225

Plain | 96.75( 161.25| 64.50 | 81.50 |1450.00| 0.00 | 3.225

Table 4 Physical properties of polyvinyl alcohol fiber No. 6 Fiber| 96.75] 161.25| 64.50 | 81.50 [1450.00| 2.52 3.995

Modulus of elasticity Specific Fiber length Tensile strength Plain | 225.70| - 96.75 | 81.50 |1450.00 0.00 3.995

{Gra) gravity ) MP2) No- T einer | 2570] = | 9675 | 8150 |145000] 252 | 322

L1038 126 6 656 No, g [Flin | 12895] 9675| 96.75 | 8150 |145000| 000 | 3.2%

Fiber | 128.95| 96.75| 96.75 | 81.50 |1450.00| 2.52 | 3.225

oF T2 AJwo] ARkt whgslo] 2ER ve-E 4ol Plain| 64.45| 161.25] 96.75 | 8150 |1450.00 0.00 | 3.225

o}, 9hH I2&E 0 AR (Ca(OH)y)0] RS o] No-9 | ber | 64.45] 161.25] 96.75 | 8150 |145000] 252 | 3225
=

]

m)i

0| FE| 2EZINEFA A== ofEeolE A (afwilite
gel) = AEHEY7IO)E A (stratlingite gel) A5t 3. A5
ASAEE ASAZTt (Choi et al, 2001). E3F Zl=

= EoHdYZARE X”lo}oﬂo‘ﬂ ZeHdYIE%

3.0 7t pH
; Tl *E )2 FAEe] 9lo] ZIeES} B Lao{g; te/d B ZAYES pHE J45h7] flste] KS M 0011
3 B4 AT glom, Had WuT 54e Fig 2w o) WHS M8SAS. AW A7 100 mm, o] 200 mm
Table 40| 22t LrERdict (Won et al., 2004). BFE SAAE Al A 299 5 BT ch 43 7
A 60 mlo] FH4E AREste] dHe] Sefu FR] pH

o HiBHA £ A3t

2 AoMe a2 SAE ARRARER 125dT A#e L}, 2328
TAZ At AMESY] A Aure 1Esdl D FEE A e Z38ES] n2sHl £ X U AHE
HEo19E o] Aot ZejdUTEARe] Ao o 3 s nEdda nEy S gie 2 Zendds
2 Bty 48 W7t skglch AREHT A9 7] 2499 59 9o nfE F2ES 23] 5ol 24 100
= Al 256 mmE ARSI Table 5% & ﬂ?mﬂ*i A mm 0] 200 mmdl 95 AFAS rRFIE FUPI
&5 HiRE YERdTh HiRR> AMIES] AN A omzacE dAroYsle] xyARgES] T2E AFE

7] sisted *l”“EQ TS LRSHL, FER X@3el Al (b F gAo] Z3to] AxsiEen] MY 28] 4 ()&
HES] AMERS A 3225 kg/molA 64.45 kg/m?W}X] T olgse] AlEaget

A B AR avg Brisl] 91 ARE Al

AHR 0.2 % 8stelct e fssle widAl 5 W, — W,

e GHs7] flste] A8kt ° v
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Where, P, : Void ratio of concrete (%)
Wi @ Wet weight of specimen (g)
Ws @ Air dry weight of specimen (g)
V : Volume of specimen (m’)

03y 3T Tase] vesgl S 3, 1R,
P 0 BeUHLTLRe YOl T2 BUFHTFS 5

As719181] KS F 2462 728 AHEAEY] whojFakA]
Aol weh AAlsHgnt

A e FATES *]‘?ﬂE% FE 3 aesYas o

A 9 Ao 2 %‘011"%011 o2 FeEAS Bl st KS
F 240501] T AT AlRls A4 lﬁ}a‘ﬂ A3 A7 100
=0] 200 mm4 FAAE ARG T 24417 FF 2342
}q{é& OF 58 %ollA] 27| WS AAJSH Tof Eglalo]
23+2 T o] opalo|A 28Y =58 AAISH & =33
=3
. d=Zst o na
1. pH

2 Atolre 1R2EH T S0t 12590 U JES A
§319S | pHY ¥S B7Iskth pH Al@Z3:= Fig. 3,
Fig. 4 9 Fig. 59 At} o4 & ZA2EY pH 2 7
~ 1170 tfet 23e B otk A4 PVAAR9
A7t AR} O A% 23EY pHel & 9%
nj2)2] kot o9t B Aub= AR H7k= pHe WHIME
oF & Q= A AR EAo] gl7] wiRoltt. ®3 FYE
4 2 110) AHES] 2]3AA| 2)3hgel| w2 pHe ®ist
71 ol miste] oFrbY Fa Aus vehfgich TLeu
2 Aol ofysitt. o9t T2 A= 7IE Higlo] 12&T

T BARE ARl Qo AdiRo R nREHT ZAfe] okl
“}71 o] ddjHoer naEsea 9 FES 23R pHo
& v Je= ofyQich

2. 9E

2 dolMe ArET 2 A4, 1=sd, BE, A
4 EPddEe A 5ol Al e 2HREY 3=
£ "2l ¥ BRI 3=E8A9E0E Fig. 6, Fig.
56
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Fig. 3 pH with hydrophilic polyvinyl alcohol fiber content
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Fig. 5 pH with hwang—toh content

7, Fig. 8 & Fig 9] Uepdlct. Alg4da w9l Arke 3
29 7HAA|E ATRE HojET 9t} gulHos 9o A
7}“ &8s HarA i 2AYESY FAA Zﬂ” /\1 Al
E #o|AE Wl nEg29] 355 WA|sle] IS5 St
*]71% 7ggFo] QAN & A-tolA= AHES] *}&Ek %‘ioﬂ
w2 A9y ofglE Zmgtano] 7hsAdol ot EeHEY S
Ao EUES S7HA 7 aT (bridging effect)S E35F
T E oAstaal ZeHELT LGS HAHE 0.2 %S 3
skoit. webA e X47P‘“/‘:°1 7] 2ol 3= 7H=E A
2= Ztuaipyt F3ES 4 52 Z7F*I?IL d= a2t
Aol Ak Bith & TR iﬂﬁE«l % T2 AAsk= &
= Q7] Yol FaEY Aag st i2&e 19
A2k W2 F=E AFETE 12EY 19 2|ghgo] 57t
g I8 Sk AoE Yeptal gtk & AHES
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SIARE 1 o|%ofl= F=Eo| Hadkes AukE HojFar qlth
1840E 4
Ho FU3h 12&e0 AeEoie SEAZRE] S
& F=80| o TR & Aols UERA] itk
(No. 5¢} No. 8 ¥ No. 67 No. 9). I3 FE Zghgo|
Qg o n=EH A|ghEo| FIHH F=ES 7k
S eI (No. 52 No. 6 ¥ No. 87} No. 9). weh
A O3 HE FAEY I9ES FERME 1EEH 1Y
23hgof| o 2 gk W= oz Holh Iy AgAwt
HE7h g8 2] 2 e HolFglet olet Z2 2
= B Aol Hest n2&eja ZAe FHAr]= 25
mmO|A|TF AtfH o R w7t A2 FA7E o= ZRE o] )
7] Wizoltt (Fig. 1). wetA F95= AAZCE S7H71H
W Y=o HAo] Zasict
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Fig, 10 Unit mass with hydrophilic polyvinyl alcohol fiber
content
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3. oo A

opd FE EagEe] nEsYn B4, w2 o)y
o g, BeNULTLUal Aol T2 Tl AR
3= Fig. 10~Fig. 129 2tk A@23 HSIAFS BE v
ol 2.0 ke/m’ oIt ek, Beudgnedael Wt
S TSlE] 2 GTS A QU olgh 2L A
L g9 FtoR TgEs Aol viFe] A, Wl
£ 0.2 % AEol7] U] 9] Wepe] watel GFS vl
A ghe Ao welrh nRsYT XEEel] U w9y
AEANE duiu nEsde) Agkgo] FHUSE Y
"o Hobgiet. oleh 2 AU =&Y lFe] AR
Eurt 2] gl FUT ok A/ S| Hobii &
W7} 9] wRole). B Ee] N FhE AMES] A
§% P4 TP} HFo] AL FEY GO BoIUo]
Hopls BUS A& 5 9irk TREHT B4 U FEO
gkl T2 SS9l Xghge] 7RSS oRbY )
L ENE 9 4 otk I A Oy PE 2aese
A MR BAZE ARk AR Ade] 7] whie] G
W D& v @] B Evh 2] UehAs

£ ST

S ANSECE A 289 UEAEAAIE Fig, 13~ 163
2e), EeNLnARe ] U GEUE AWANE
Au ARE AR 497 A 94c ol A
/b OBA e BaeEY B2 440 s AES 5
sjo] oAlsliL QoS etk Ba] BeMUgneAsE 1
G4 ARol7] tRel] Baele] 94stel 44 ThEE 2
S18514 o] Rl BEY F7HAE e, 2w

I Agheol| wE U= ARANE AR Agheol
7RE e Hashe ARE HojFal gloh oo T
= n2&e0o) 2)3he0] 25 %<} 50 %= AR A1,
TAF 25 WSS ool ko) WS AlAXFoEA A
% 2897 SRR Awe] o] wA] gk AR Hel
ok FEO| Agheof wE YSFEAFEANE AuEd FE
ARgEFo] 64.50 kg/m*Sl No. 47 Z=e] 2polz} =.4] ¢
Qrovt FEo] Aol 96.75 kg/m’oR F7Ishd 7o) 7t
a7F ot AA Yehs A& 4 4 ok 2eu aRsea
o) A|gheof mE = faet vlas] Hi Aoz 4
ol 1REH T 9 PR Aehe] wE AFAEATA

— "o

iy, ofN
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e ArEY FU 1R2EHT Pl FEATES ST
7& e o] favt 34 9kt (No. 59 No. 8, No. 6
I} No. 9). 18} 5U3 & AghgofA] 12L& 19] o]
7t Zhwe] At i es ot 3A vt (No.
5¢} No. 6, No. 8% No. 9). wefa] Zzof Fgke 12L&
T19] Z)ghgo) o & AoE Helk
v.2 B

B oo ARIEANESl ML ZA), 2Lt
AARE T ARgo] IRk Qe FE 9 A4 £
HUFESMRE ol8st thad 2 E njAl= &
2 Bl dfgt e Akt AlEZEIE aokehd
-

V2EHT FAE AR thed 23EE9] pH AEE
W 7T~114%9 e HoFglon, A Ao W7 1
2&Y 0, e A7l sre E AT A el o]
£ oju] 12L& FA} E ARE ZAE HgolA
A28k AFo] A pH groll G nH7] el o A=
o] H7k= 2 9 vAA E3ieik

2. 12LHT FAE A3 oy 2ATE] 3EE Al
AT Ao WArke 3EES UMAlE AnE deRith
oje} 7re- A= o] Aol AF9] 0.2 %= W Yol
EQlEle} ¥ HEAoR vta Ay §As] wEe] el
W Avfolct. 2L, FES] Ao whE e Al
B n2&da g IR 3EES SRR,
FEO| AL ot AurRE FEES F7M7IAT 94
2 ojifo| Ejwl FEo| fhAdshe Aus BoFdrt uEhA
Ao B8 FHEY JuE vEsle] AAT A=
Zo| Wasi},

3. M2EY I FAE AR oy 32| ThAEF A
A7} nE uige] 1.5~1.95 kg/m’e] ©lHeRe Uehfgl
ot A 2 9T AR ogkey, 12T 9 FEE
ARIES} H|wslo] ThejEao] 27| wiio| thyd FAE9]
SRS A7 ATE UERICE S Tjdske
e} n2&HIE FA| HEske Aert Bk 2 el
ek

4, V2SI ZAE AT o 238EY] A 289
A= APAT A FepdYR SRt ke e
o] AEATI} ZFINA, 1REH IS Ao FUITrE
AT hhson, FE= A Agshd g=7hwrt
T7Feke e HolRglth wet AMES] AME A
A717] 9fste] 2L nEe U 3FEo] AL ZhwE 7h
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