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Effect of Fineness Levels of GGBFS on the Strength and Durability
of Concrete

ABSTRACT

This paper presents the results of experimental work on both strength characteristics and durability of concrete or mortar having 50%
ground granulate blastfurnace slag(GBS) with different fineness levels (4,450, 6,000 and 8,000 cm?/ g). Compressive and split tensile
strength test results indicated that the concrete with a higher fineness level of GBS exhibited a better strength development due to the
acceleration of latent hydraulic property at the later curing stage compared with ordinary portland cement concrete. Meanwhile, it was
found that a higher fineness level of GBS showed some negative effects on the resistance against freezing-thawing action. However,
incorporation of GBS to concrete, irrespective of fineness levels, significantly enhanced the chloride ions penetration resistance. The
resistance against sulfate attack of mortar with GBS was greatly dependent on the attacking sources from sulfate environments.
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A7 8210 2= th7] Fof oliislekie] 5] ofgt 22
HES] ehiis], sy sfollxle] AsHE 3T 9 SRt ofgh
AR, 71l o3k w9, fraflolze] 3T 9 skekgoll
)3t 3)8k4] #2] So] 9Uri(Aye and Oguchi, 2011; Sisomphon
et al,, 2010; Wang et al., 2014).

ol go| FAB|ES] R/l AegtEE flste] 8
AR v 2&gar]E(ground granulated blastfurnace slag)
o] FAR|E AlxE flete] He] ARgHo] oL glom, o vw
I AMEE] AEHHOR e Ao R et

18621 ZUojA] Hg Aakel iz ke shfje] B9
1953130 2= Ao, vid AWilego] FEs] S7slaL itk
Asle aEse1e] oF 70% opde AR Wi 885t
£ =5 55 B FRAR AR, vPgER R 2
A AU Qlo] ARl IE 9 @& Al Al
U2 T2 L glom, FE FIBES A2 L83
SN AEARE AL =ie] g 1975w aLeEA
wE AEFA0] KS L 521002 AEIon, 1997H0= Z=78]
Eg pasganjEde] KS L 256302 A== sksick

2SR Cao, SiO,, R ALOs9] 37FA] F4EZ
oFte] MgO7} 24| 3P dite] oF 93~98% F=E AFA|ekaL
Artk RS mEe] FABE] EYE o] Asle-S et
w7) SlsiMe doteld e 3] ASEE 371ete, O
2 SO, ojeo] e8] EAjshe z7lo] Dasky olefd s}
o A& r)E e EEWCAMES} nfibrpA] o] 74439
S48 vERdith vt syt AR 7Aoo R A3 A3l
T U] ofFe] 2 an)EEe 2E 3Nk (pozzolanic
reaction)& LRl 2225 sAE7]we stk o ARETaA
WES] 247 Al(latent hydraulic property)S F& £
(glass content)¥} $37]%=(basicity)dl] oJsl] == 2o 2 Ueix]
Itk Lee, et al., 2012).

BTt & AREYomRge o s vl g
0l viste] WA 2k B s Aol
2Fo] 2] UEp 54 eIt Selal 3ltkBabu
and Kumar, 2000).

13 VIR S840 EE-E k] B2 A Al
o TRLAINIERS 44T ol iE, REre 9w
kg, oo 54 2 el gk Ak A4 S
o o1 glom, P ATUAE Pol Birww gk ek
oyt o] Ui mREEanRe] 2 tixlE&(Lee
et al., 2000; Hooton, 2000), W] x|Z=2]+2(Hadj-sadok et al.,
2011; Geng and Li, 2014), $=8}&(Beushausen et al., 2012),
FEEA(Kim et al., 2012; Oner and Akyuz, 2007; Lubeck
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et al., 2012), 7AZx4= £ (Neto, et al., 2010; Teng et al.,
2013) 5 vt 9 SER B4 tigh S FRE o FaL 9o,
IEZH IR AR ZIEEL] e tigk SR Al
o2 ol o]Fo)x|aL ¢JtOsborne, 1999; Aye and Oguchi,
2011; Ortega et al., 2012). Lejv}, LE2Le1n|Ed} Bsk
2o ddTel= Bslal YT (Higgins, 1995; Oner et
al,, 2003)E AlejepH FB|E 52 HaE)= 0] g5 izt alg2s
YD o] ofg) tigh Bk o] BR) 92 Aot

£ A7 BEETL dolst 35R AE2En s 8%t
AHIE ZsAe] s, A=5A B Ul es W71k $ist
o] FPE|Qlon, =&E HAHANE HEXSWEAIE S|
o} vlag, arEsleith 2 Aol de A= 3% g F3E
E 725 349 87 Ao g, ejal] Als
Aas 9 A2 E8d Zo R 7|gHrk

2. MM

2.1 ARE
211 AHE L D=daqnEt

ASTM C 150 7152 THEak= Type | HEFENAHE
(OPC)E AH83F o, OPCe| E87] 23852 47 GS -
62.5%, C>S : 10.1%, C5A : 9.3% 2 C4AF : 7.2%0]ck AFE-E
ARSI H(GBS) KS F 25639 7ol whet e 5+
W2 327(GBS4, GBS6 2 GBS8)Z AFgalit}. B 23|
ARS-E OPC ¥ GBS 3}3hd 2 B3 5448 v Alo]

Table 1. Chemical Composition and Physical Properties of OPC
and GBS Used in This Study

Chemical composition, %

OPC GBS4 GBS6 GBS8
SiO, 19.9 31.7 322 323
ALO;s 5.0 14.5 14.6 14.6
Fe;0s 24 0.7 0.4 0.4
CaO 63.8 41.7 44.0 44.0
MgO 25 54 56 5.6

SO; 3.0 2.1 1.1 1.1
K>O 0.3 0.4 0.3 0.3
NaO 0.2 0.3 0.3 0.3
L.O.I 1.2 2.6 1.2 1.2
Physical properties

Fineness*, cmz/g 3,120 4,450 6,000 8,000

Density, g/em’ 3.15 292 2.92 2.92

* Values measured by Blaine's method
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212 =xj

FaE|E FAF ARE $J8le] AMe AEAlE WE 2.60g/n’,
ZHE 282 ARHE ARSSIeH, e EAlE iRl 25mm
Q HEES ALgalITE FAle] B2)d 4EL Table 29} 2k
I, SRR AR ke el REEes Alxsiilon,
AZA= ASTM C 1092] 28 75k TRAE ARSIt

2.1.3 ZfEt=ESHA|

FIEe] el A7 ZEsk As)F7(5+1%) 5 TAA
717] $late] WlE 1.0940.029) 2dA] AEZEAIE ARgack
2.2 Higt
2.2.1 HO|AE HHEt

A SBIEAS 1A S8k E-AE | (wib)7} 48.5%

el

o] Ho|~EZ A|zato] I3} 41548 (sat. limewater)ol] 28
b A H

2.2.2 DEEE S

ASTM C 1012 71529 we} 2l T3k 37} |

1 2.75, wib7} 48.5%2] HEEL2E Azl om, sBkEsH=
ZHEER]| Sopr) AME 3%5 GBS UHIE-S 50%2 3lom,
REElEE Y5457 20MPa opd wielE wihA] s} A5)g-

ll(sat. limewater)ol] SFIAIZ] &, AR B ZEIE FARE

FrgAol A

7]

2.2.3 232|E gt
FAES] A5 5 e W71l S1ske] wib 45%,

Table 2. Physical Properties of Aggregates for Concrete Mixture

Types ftems Guma, mm | Density, g/em’ | Absorption, %| F.M.
Fine agg. - 2.60 0.80 2.80
Coarse agg. 25 2.67 0.78 7.13
Table 3. Concrete Mixtures
Symbol | w/b % |S/a, % Unit weight, kg
w C GBS S G
OPC 45 42 187 | 416 - 695 985
GBS4 45 42 187 | 208 | 208 | 689 977
GBS6 45 42 187 | 208 | 208 | 689 977
GBS8 45 42 187 | 208 | 208 | 689 977

ol H

Sla 42%, GBS tiA1& 50%9) Zag|ES A|zslgon, Zase
HjBEE Table 3¢ UFERAQITE

2.3 AEdy
2.3.1 X-ray diffraction (XRD)

A|E 2890 Ho|AEE tYfo = FeIES ek St
o] XRD £4& Arsgon, 24 21 CuKa (Ni filter)
- 30kV, 20mA, scanning speed : 2%min 2 20 : 5~50°2 Asielck

oluf, FEYAdE2] vEYTF XRD H-4(semi-quantitative X-ray

diffraction analysis) ¢]3le] F FFEEEA] TiO, £
HolnE Bk Fgke] 10% (wt.)E2 ARE38IITh
232 2=

AT EL] AEEAS 8] fJ8le] 20£3°CoN] 5
g @100x200mm Y+ FAAE PFo 2 FIES] b=
2 AR =S 747F KS F 2405 @ KS F 24230 &3}
A 7, 28 L 91doIA SAEAE

233 E?dO—Hx-lol-ki
Fages] FEFINAGA APE 1497k] A (pre-curing)
7]7}0 A% F, ASTM C 6669)] F=8lo] AAJlgion], ==4g
SABAAL] 257} 4°CoA -18°CE 7424 ThA] 4°Cel| =esh=
IS IARIER 310] F 30000]2-& zlegsliom, vl 30xelE
njth ZF2|E AlHe] FEHIAISTE —X—%o}‘ﬁﬁ} TA83) vzt
5 W) A FAAY FEIAIS digh 249 AelFelr g

SWPASE Bg ()3 20) FSeaA2 et
Edﬁ(%) =(n/ n )2 100 )
A7NM, E;. = ¢ Ro|20lA s AT (%)

n, = ¢ AplFx] FEXES(Hz)
n = z7] 398%55(Hz)
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Compressive strength ratio (%)= (f,,/ f,) >< 100 )
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234 BA0IR SR
ke ASTM C 12026] Z310] 7] 50mm
sto] SASTE A1AA] gkl 60VE]
HFZGE 6ARE Bt FHAEA AlRA] B2 HAFE
vlolE] 2AE olgste] 30% HHo R S oM(Fig. 1),
S48 AR AR e AR A2 G A5 Eq
B)ell SJ3te] & FaskEke APdalirk

Q=900 + 25y + 2L+ ...+ 213 + L) 3)

o714, Q = F &¥Fd8k (Coulomb)
Lo = x2ore] A7Ek (A)

9o HomiE Avkd F S3RdslEke <7 = Table 49]
A4 e waste] ol ARAPIE AYHe=
w5 ok

ZAR|ES] gaole FaMlre V1B S48 5
NT BUILD 492t0]] <Jslo] St ZH2]E ARe] ke
S50mm= sglom, F54LE 10%2] NaCl -89S, J=54e
03M2] NaOH =824 ARESISIE): Shblle 733 5 21579

4|- DC Supplier + Ii

Concrete
3.0% NaCl ghetsie 0.3M NaOH
solution chamber solution chamber
* A
Mesh electrode

Fig. 1. Set-up for ASTM C 1202

Table 4. Criteria of Chloride lons Permeability (ASTM C 1202)

Total charge passed, coulomb Chloride ions permeability
> 4,000 High
2,000 ~ 4,000 Moderate
1,000 ~ 2,000 Low
100 ~ 1,000 Very low
<100 Negligible
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2.3.5 SMUAFA XEHd

AR AR LS Q1o AP st HEEE wige.
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B TR T 2 9SHE 2L HolE Ss] Alggl
2] AwEt AAAACE

A8 Regents SMHEF(NaSOs) 3 Ebek|<
(MgSO0y) AJoke AMg3H9 o™, ASTM C 10120 Z3}e] SO,
o]&9] F=E 33,800ppmo] H=F -k T, AlFEde
Aje] 71t weh Frh wolle e arefeled, v 4ot
Az golo g wAslglon, 2ol ogt JFE viAlslk] $ist
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Fig. 2. Measurement of Penetration Depth of Chloride lons
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Table 5. Comparison of Portlandite Content by Semi-Quantitative

XRD Analysis (%)
OPC GBS4 GBS6 GBS8
100 42 38 33

ol H

o] ZgtAe] kgl oI} ettringite, gypsum, portlandite
9 calcite®] 3M/dE0] AAEE ERIE & lrk 53], OPC
Ho]2EE 18.1 & 34.1° 209} portlandite?] =17} 73317
A=, 9.1, 15.8 & 22.9° 209 ettringited] T %
FFEITE & GBSE 50% tiAgh #lo] B Hdwrt 715t
o] W} portlanditee] | IF =T} AxpH o= FFATRS &
Utk ghE, XRD 2483} ofpd, 25~35° 20 Felr] ==
(hill-type curve)2] = o] | m 24, B2 d(amor-
phous phase)?] C-S-H7} & F3}249S & 5 Ik
319, vbgek XRD(Ramlochan et al., 2004)0]] 2J5le] ARke
2} A8A)9] portlandite (34.1° 20) ¥ ZAEE OPCS] T TAE
o thgh WHREE(%) = Hlusto] vERd o] Table S2X, 23
F570ll we} S3hikgl| ofste] A2dERe portlanditeo] o] o]
S & Qi wepr, Aol we SRS o) tiEd
HepR 24 ZFEL] g 2 U ee s v
202 o|Z5]u], o] Moon and Lee (2003)] G727 X =

FEHAE
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AL
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3.3 SAsolx

GBS ZFE|ES] F283) 3 ALY AFAel gt A=
oo A A}E9] oJste] 3w tk(Sisomphon et al., 2010;
Deja, 2003; Allahverdi et al., 2014). £3|, o] 727}
&b, Allahverdi et al. (2014)2 1 2&e1 EF2]EL] <=3}
AU AFFel| ek A4 aE gk ¥, Sisomphon et
al. (2010)2 12L& EIB|E7} TERPEAME ZTe]E)
Hlsle] FaAado] ke Aduke ARE Hash)w Skich
e}, EEET) dolsk ALl ani TS ARSSE ERES)
FAGHAR L ATEAE FiF R WA ok Aotk

Fig. 7& ASTM C 666/l T3t AT aA=H], S2g3) v
2 Wk 43R FAES] A s AT wskE vehd
Zloltk. OPC B GBS4 F|ES] s e dAla= 300 #olE
7 A2 FARE A3E R vhd, sl GBSE AR
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& T WRY| wiEe 2 ks, ojefek Avls iUk et
& AFe3 FarlEs] $E88) 23S 718} Sabir (1997)¢]
ATATeE o= A® FARH vERdTH

o, FaES] $A83) AelE USUEE TEF 3
o] =Z3p7] A FI|E] k=] gk AR|(%e) 2 LRl
Ae] Fig. 8oJtk o] Z1ellA] & 4= 9J5=0] OPC, GBS6 2 GBSS
FIYEE FEG AolFe| SVIEGE =H7E Ao
L, GBSA Z=12]E+= 100 3 200 ol2olk 23] Us7d=r7t
Z7VeR= e YeERIom, 300 AolF Follw FweH]7t 97%
2 vep R, SeiRkge o Feitavt 24 s ¢
& gltk v, GBS8 E3B|E= $A83) MolFe] 7t
ule} ZEn7} 59%2H 455 SIRE T 7P I el e
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3.4 G402 EEXMSY

Fig. 9= ASTM C 1202 A&Ho) F3le] Z431 Z|E]
TEIEES Rl Ao wx, A 9 GBS ARl whet
T olgh Aap) Uttt 53], OPC Fa2|Ex 27|50
] 4,000 coulombg “F3I5l= =2 FEIEHF S VERA
ulE, GBS4, GBS6 2 GBS8 ZAz|EX ¢F 2000 coulomb
5] s vehS & 5 Slok o2zl AR A IAEAsI=
FARBHAl YR, OPC EaE|E9] AJE 919 Fehdskde]
Table 494 AAE $zole T4 71ZoA ‘Moderate” H$]<]
HHH, GBSE AM3E E2]Ee] A 91 F-s3hdslhe Very
low’Ql Ao Z AN YTE

g, NT BUILD 492¥H0) oJ3k F=a2|E9] A7 28¢ ¢
91 ¥ eli(non-steady state) ol AT gk LHEk
W Zlo] Fig. 100tk o] Z1gollA] vepdo] A= 28Ul
OPC #8E9] Jaole ShHAIG7} 23210 mYs 2 Lhepd
HhH, GBSE AMS3H E12]El] Aol A= OPC =12
Eo] oF 28~33% e} EM, 357 GBS 2H2|ES] g4o]
2 PHFE MR AR G5 Atk ofEst AR AP 914
ZAENNE Ak HE AT
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