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A Study on Performance Evaluation of Early-age Concrete with EOS Fine

Aggregate and GGBFS

Seung Jun Kwon', Sung Jun Cho®, Hee Seob Lim**

Abstract: Many researches on alternative materials as construction materials is continuing by recycling industrial byproducts due to shortage of

sitereclamation and natural aggregates . In this paper, engineering properties in early-aged OPC (Ordinary Portland Cement) and GGBES (Ground
Granulated Blast Furnace Slag) concrete are evaluated with EOS aggregate replacement. The related experiments were carried out with 0.6 of water
to binder ratio, three levels of EOS replacement ratios (0%, 30% and 50%) for fine aggregate, and two levels of cement replacement with GGBFS
(0% and 40%). Several tests such as slump air content, and unit mass measurement are performed for fresh concrete, and compressive strength and
diffusion coefficient referred to N'T BUILD 492 method are measured for hardened concrete. Through the tests, it was evaluated that the compressive
strength in concrete with EOS aggregate increased to 3 days and 7 days but slightly decreased at the age of 28 days. In the accelerated chloride penetration
test, GGBES concrete showed reduced diffusion coefficients by 60 - 67% compared with OPC concrete. The lowest chloride diffusion coefficient was
evaluated in the 50% replacement with EOS aggregate, which showed an applicability of EOS aggregate to concrete production.
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Table 1 Physical properties of cement
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-o-Washed sand -+-EOS -e-Crushed aggr. —Spec.(Min) —Spec.(Max)

100

80

60

Passing (%)

40

20

0 n . . &
0.15 03 0.6 118 236 475 9.5 125 19 25

Sieve size (mm)

Fig. 1 Grading curves

Table 3 Physical properties of chemical admixture

- . . Density
Type Main ingredient H Solid  Color
yp g p (g/cmz)
Liquid Polycarbonate 6.7 25% Dark 1.05
brown

Table 4= AHE- A 5.9 31812 2432 VR Zlolth A7
2 AkEd O A=A 9] 452 Ca0, Si0,, ALO;, Fe,0: =
YERE O, Fe,052] $Hgo] 9F35% o]/ Ueldol met S|
H|Z0] °F 338 kg/om® O 2 =& WL 2 Yeh 1 gtk

Table 4 Chemical composition of used materials (%)

. Setting time  Compressive strength
Blaine (h:m) (MPa)

2
cm’/
( ® initial final  3d 7d  28d
OPC 3.15 3,000 3:20  5:50 125 225 425

Type Density

CaO SiO, ALO; MgO Fe,O; MnO etc.

Cement 62.6 21.9 4.8 2.6 34 - 4.7

EOS 26.1 155 11.9 34 36.8 60 03

Table 2 Physical properties of aggregate

GGBFS 44.1 327 13.2 5.6 0.4 04 1.6

Sand 0.5 86.2 5.8 0.2 0.5 - 6.8
- Fine aggregate Crushed
Division : Crushed 721 157 15 33 - 29
Sand EOS grave aggregate
Max. Size(mm) 5 5 25
Density(kg/cm®) 2.59 3.38 261 22 ZIB|E uifst
. — _ =]
Fineness Modulus 2.76 2.71 6.90 @7]; ﬂ'i"{—i‘aﬁl %ZH_% A]’%?l’ ___ELE—E‘IE‘O/] %/KE} /\E] ;:,‘%
Absorption(%) 1.56 1.72 1.23
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Table 5 Experimental plan of concrete

+ Voltage(DC)

W/B (%) 60 -
GGBFS replacement 0.40 0.3 N NaOH ——|
ratio (%) s / Rubber sleeve
Mix Washed sand, Sample —|
design Aggregate Crushed coarse aggregate,
EOS fine aggregate
EOS replacement 10% NaCl—| - Cathode
. 0, 30, 50 _
ratio (%) Plastic support
Fresh concrete Slump, Air contfent, Unit volume Fig. 2 NT BUILD 492
weight
Test Compressive strength \/_
item (3days, 7days, 28days), _ RT X;—ayX;
Hardened concrete Rapid chloride penetration test Dyssm = ~FE * t @1
(28 days) e U—2 5
EOS : Electric arc furnace Oxidizing Slag L 2
GGBFS : Ground Granulated Blast Furnace Slag
Table 6 Mixing design of concrete
Unit weight (kg/m®)
Type of EOS W/B Fine aggregate C S.P
Com’e  rep.(%) (%) W C GGBFS OamsE (%)
Sand EOS aggregate
0 (0] 732 - 1,056 0.8
OPC
Con’e 30 O-E30 60 180 300 - 512 287 1,056 0.8
50 O-E50 366 478 1,056 0.8
0 G40 732 - 1,056 0.8
Cé(i]i,ch 30 G40-E30 60 180 180 120 512 287 1,056 0.8
50 G40-E50 366 478 1,056 0.8
O : Ordinary portland cement concrete G40 : 40% GGBFS mixed concrete
0O-E30 : OPC concrete using 30% EOS fine aggregate G-E30 : GGBFS concrete using 30% EOS fine aggregate
0O-E50 : OPC concrete using 50% EOS fine aggregate G-E50 : GGBFS concrete using 50% EOS fine aggregate
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Table 7 Conditions for rapid chloride penetration test

Condition Levels
Cathode 10% NaCl
Electrolyte
Anode 0.3Mol NaOH
Applied voltage (V) 30
Thickness (mm) 50
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Fig. 6 Test result of compressive strength
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Fig. 7 Chloride penetration depth measurement

Table 8-2 2t vl3He] HslE HFZolE HH#o = SH
st dstE FMHAITE 4Hg3sE Tt OPC 232 E Hjgtol
A= 0-E30014 F3l= HEZ0]7) 18.71 mmZE 7 B2
FEE YR o™, 0-E509014 16.04 mmZE 78 &2 A&
Zlo]Z YERith. GGBFS Z4AY E v gtoll A% G40-E300])
A17.29 mm=E 7} 212 3 T2l o) & YERH 01, G40-E50°1)
A1 6.65 mm=E 7} 22 HEZlo] & YERT

Table 8. Test result of chloride diffusion

Chloride penetration depth Chloride di.ffusion
(oam) co_e;fﬁc;lent
(10" “m™/sec)
(6} 18.15 20.8
0O-E30 18.71 21.6
O-E50 16.04 20.3
G40 6.73 7.33
G40-E30 7.29 8.63
G40-E50 6.65 6.65
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Fig. 8 Test result of chloride diffusion coefficient
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