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Abstract The admixture was developed to improve short and long age strength of concrete by replacing
ferronickel slag, solid waste produced in the industrial ferronickel alloys smelting process, with fine
aggregate. It was mixed into concrete and the estimated strength was evaluated through compressive
strength and rebound hardness tests of retaining wall blocks. The fine aggregate replacement rate of
ferronickel slag was fixed at 52%, and tests were conducted on concrete with 5 ~ 15% reduction in
cement compared to fine aggregate depending on the amount of admixture mixed. In concrete using the
developed admixture, the amount of cement mixed was reduced, but the compressive strength at 7 days
actually increased. Therefore, it was evaluated as suitable for developing early strength. The developed
retaining wall block was designed with a mix design that reduced cement by 10% by fixing the fine
aggregate replacement rate of ferronickel slag at 52% and mixing the developed admixture. The
compressive strength of the retaining wall block through the dry process was evaluated through the
rebound hardness test method, and it was confirmed that the compressive strength performance of the

product could be maintained even if the amount of cement was reduced.

Keywords : Ferronickel Slag, Admixture, Compressive Strength, Retaining Wall Block, Aggregate
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ZAYEE Hold 454, 44, 4, A4
Aol FARE A AANA
A= F shtolcH1]. Azt
Eo] AMREE AoE FHF
Aol A deHor AMgEE
AHEE AZ2IYoA B2 AU E AH|ekL TRFY]
OJAISHEAE HiES= Aoz AEHA Y3l A AlA
oAl AIHE FAbA] A= ol Asteta: HiEdS 7%
£ AXsH[4], Z2YE AR 9 8§ F97HK] Zet
9ol oF 10% =0 ol2& Aog H1 =1 9tk
[5]. mEbA, AJFAES AHES] RZE Agsto] A
&517] gt A7t Ede] SPEHIT Qlon, thEAI
AAEAERE E2to] of4(Fly ash, FA), I12&d1
(Ground granulated blast furnace slag, GGBS) 5
o] irH6l.

#HZYZA &3 1(Ferro-nickel slage, FNS)= AH|
22737 YA g A7|20A 1500~1600°C =
L8 o] BAEZ Eolu 37 FolA $AAITl=
Az oA viEEE AdFAEeltH7,8]. HE2UA
S = YRS Axred o2t A H2Y &1}
S 2V SR LEEY, 189 HEyAS A
AR oF 14E9] H=2Yd &7 viEETHIl. 540
HEUA £80= 849 €810 &2 Axst 22
g E 9 ofATE XA, Aol& A 5= &8
Aok IA HEYA S A 37] 32 A
ofsff APat=n], T2 HJEA, LW SOl AFHEHY o
22U &Y I8 ZIYES IEZARE 8] ¢gt &
7t =31 QIeH10-13]. Saha et al.(2016)2 H=E
yd &8 z2A XgHE0] wet HEg gEtte
FEAE, FHIFTE 59 AFES FPsilod, %
2719 40%E HEUA &I dAstH ZAYE
A B2 A AEo] BAEE vAlTFRIF A"
I BH5FATH14]. Chen et al.(2020)2 #2242 &ef
1 &Y EFYE et ST E JAo|IAFAF
A& Brietelem, HE2YUA £318 EYsh ¥4
2o et EAYEY Ao FHEHIL Aol

P,

& 9

QIgh FHAlo] A ATt HrksHltH15]. i, #H=2
U SHIE FEAZ diAel meE 29sd= 9

Wt3o = QIgt Aol digt EA7E s vt
[16,17]. wh2bA] ofst2Ql /e =Hslr] 8] 1=
<UL, T 52 ARSste] ] 2493t 2eS

o=
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Zedd 9 Wty S 5 o §4E Folst] 2
AYEQ F4E A7) AT FH 0= ARSI Al
ZFFATH20]. 19309 7R 14 £34A191 211d
(LigimAl 34l A=7t 41 7H4o] Ao, 17
T Z3YEQ] ARoA= A ofFoh 241 &35t
A= YUZeE A (Naphthalene)4l9F @Etl(Melamine)
A7t Qlow, EAgo] L5t 1%, {5 E3
E A 2A] AEEY £HI $£4o] Ik o] gl
20009 %0 7 E@7H24KPolycarbonic)Al &3t
A= 34 E3H2 LES & glom, 71&£9 &3k
o] HE AAdste] Am R, x5S, SR &4
ol Wil 4ol ol 13k, 1R EAZE AR
of ARg=rH21l.

£ oA AEANES] HEYA S 2t
AR Zgstar A4 FH EF0 HidE= AMEDS
4 HEE A7 2713 9 AAREE T
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E7xet 39 E5of gt 4597 +H6Ilt
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Table 1. Basic Mix proportions of Plain concrete

w/C G S1 S2 A\ S.P

. C
Specimens| (o) |(a/m?)|(ke/m?)|(ke/m?)|(ke/m)|(ke/m)|(ke/m?)

Plain 28.6 | 717 | 567 | 508 | 359 | 103 3.6

2.2 NEM=

221 HELA 2241

2 AFolx AhgE H2UA Lo = TAA
AIEOm, KS F 2527(2AR|ES )L WHESIE
AEos A T AF WEES Table 29} 2t ¥
=YY £¥719) s}5td 2L Table 30] ERa ot
o} Zo] 4, T4 ARS Tk $estn glom,
e sl Qg4I Gl Alelt ukgo] glof 27
£9) ot 7R S0l o] Wk ikt $50) 8
SRS SHpeti gleolE BTSIR ehgshE AR
W F34 $2AY HIRe Table 49 2o F34 42
o] AZEA gt

Table 2. Particle Passing Mass Percentage of FNS

0.6mm

25~65

1.2mm

50~90

2.5mm

100 | 90~100 | 80~100

10mm | 5mm 0.3mm |0.15mm

10~35 | 2~15

Table 4. Heavy Metal Leaching Test Results of FNS

Type Cd Hg Cr6 Pb As CN
"P° | (mg/D | (mg/D | (mg/D) | (mg/D | (mg/D | (mg/)
0.3 or [0.005 or|0.15 or | 3.0 or | 1.5 or | 1.0 or
Standard
less less less less less less
Result Non-detectable

Table 3. Chemical properties of FNS
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Fig. 1. Particle size distribution curve of mineral filler

2.2.3 232|E S351H| i

2 AN st ohe EIAIY AR S
Fig. 20l UEMIQIth WA 13} FAHBS A%, A8
A, HEAEE, MAISES 9 SRS A Hg
o 94 70C~100T 2XkoflA 8AIZF &<t 11 Wyt
2 kst ZgotAHIo|EQt AStibd<ol 3k
SRIES AJAJRIT). TR0 24 AR ZAR
F, MABUES 9 57558 7 3:2:5 H[&E 24519
70C~100C2Z00A 5A17F B¢t 14 wyk7| 2 wylst
o] UEFYFUC|EZ} gd SIFPES At 3
2 HPES E7HIA SIAIE FARR sto] 717
S|, §AA, Z5A, A%A 2 Z2F5E Y 3
204+2C 2E=A 1A7E B9 WEkS AT

FE AL E3AE 1, 2, 33 BAES 7 1
€8 2A5ko] 2042C EA 1AI7F SOk 14 wHk
712 wEksto] Axsict. 2+ g gAolA AlxE B4

jins

Type SiO; MgO FeOs ALOs Cr203 MnO

CaO Na;O ZrO NiO K20 ZnO SO3

FNS 40.10 27.90 25.10 2.44 2.04 0.88

0.76 0.32 0.18 0.14 0.12 0.08 0.05

Table 5. KS standards and test results of mineral filler

absolute dry . .
absorption ratio

solid volume
soundness test

Type condition percentage 0.08mm passing ratio
(e/cm) (%) %) %) (%)
KS standards 2.5 or more 3.0 or less 10.0 or less 53.0 or more 7.0 or less
Test result 2.59 1.55 3.2 56.0 6.5
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1st reaction materials

2nd reaction matierals

3rd reaction materials

« Calcium acetate: 0.2
 Silicon dioxide : 0.15
*  Metal silicon : 0.1
+ Sodium hydroxide : 0.1
+ Distilled water : 0.45

¢ Aluminum acetate: 0.3
* Sodium hydroxide : 0.2
+ Distilled water: 0.5

+ Calcium acetate: 0.2
+ Inorganic hardner : 0.15
¢ Maintenance agent: 0.1
« Air entraining agent : 0.1
« Antifoaming agent : 0.45
« Dustilled water: 0.5

Heating for 8 hours at 70°C ~100 °C

Heating for 5 hours at 70 °C ~100 °C

Heating for 1 hours at 20 + 2 °C

Y

Developed admixture

« Istreaction materials : 0.1
* 2nd reaction matierals : 0.1
+ 3nd reaction materials : 0.8

Heating for 1 hours at 20 + 2 °C

Fig. 2. Developed admixture manufacturing process

=4 4 35 7Y 3= Fig. 3, Fig. 49+ 2t}
3ol digt eB7HE s A5l KS F 2560
(E22ES spetediA)dl weh F2 AldS A
om, AJF AFH= Table 60 HERHATH

Fig. 3. Admixture used in the experiment(left : 1st

reaction materials,
materials, right :

middle
3rd reaction

2nd reaction
materials)

Fig. 4. Developed admixture used in the
experiment
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Table 6. Test Results of Development Admixture

(KS F 2560)
Type KS standards | Test result

Absorption Ratio(%) 10 or more 16.4
Bleeding Percentage Ratio(%) 70 or less 43
Difference in initial set -60 ~ +90 +41

Setting
Time(min) final set -60 + 90 +37
Compression Curing for 3 Days | 115 or more 134
Strength Ratio | Curing for 7 Days | 100 or more 122
6 Curing for 28 Days | 100 or more 120

Length Change Ratio(%) 120 or less 100

Resistance to Freeze-Thaw(%) 80 or more 89
S a =
3. Ayt ¥ 2N

3.1 0 Soty R HzUA SIS 289 23
2 E 7Y 2§54 Y

H2yd SIS ARt F3E0] s 71
2 AT B3 dEAE BME A EE 9 %%}E
30MPaSQl B4 A= Table 70 Yeti et H4=3
2 71E ESPRA AVt e E38E *101741
£ uish, P e ESHAIE EUT SABE AY
AE verdet. F32E Hiold H=zud 319
TEA A& 52%E 17gstgon, A B &
SHAS] EdFol w2t A diH] AMEE 5%, 10%,
15% fastal 71 EoHA| 3 /e S3lA4] £9 o=
HaE Foln 23YE A AdAle EAe A
S 1 J AP, =3 i SIS vE
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Table 7. Mix proportions of concrete

cimns C [ o e [ e e[ v o T ey | g [Pyt e
° (kg/m’) (kg/m’) . . (kg/m’) (kg/m’)
Plain 28.6 717 567 508 359 103 3.59 -

N1 30.2 723 573 514 341 103 3.41 -

P1 30.2 723 573 514 341 103 - 3.41

N2 31.0 729 579 520 323 100 3.23 -

P2 31.0 729 579 520 323 100 - 3.23

N3 32.9 735 585 526 304 100 3.04 -

P3 32.9 735 585 526 304 100 - 3.04
Hist wigkeel AMES FAlo] FYste] HAIgt o Table 8. Compressive strength test results using
A 3 100x100% 100mm Yus BEEE ARL3SHo] 39 Polycarbonic admixtures
7t FY & FEgotal 3PS AASHT Fig. 5= ) Compressive strength(MPa)
A2AE AJEA LAY AAS JERRQTH Table 8 P [T g 2nd 3:d | Avercage
79 FE2E AP AT YEon Fig. 6 9 Fig. Plain 32.5 31.9 323 32.2
72 71E R B8 9 T EaAE EQIR - EA N A
AGAE BIA o AME gagel] 42 gEgE o 07 | 9 | BT | #8
314_2“—% H‘IE}-LH%]E]- N2 27.6 30.1 28.2 28.6
= ! P2 34.3 34.0 33.8 34.0

N3 27.3 29.4 26.9 27.9
P3 33.8 33.4 33.7 33.6

71& SR ALY SIS EURT AAAY] A
2, Plain 0] AIE 5%, 10%, 15% A7) T2 22
BT AR 7F 4.04%, 11.18%, 13.35% FAFAL.
o, A 59%7F 4AE NI ABAE A9k L] A
: : FAOIA E® A= 30MPadl WESHA] Hohe
(a) Compression test specimen (b) overview of Compression test AoZ ehyith
Fig. 5. Compressive Strength Test ML ESHE U AFAY] 7Y AEAEE BE
Ao Hi YSAE 30MPag TSI eH, 27

36 0% 36.0 0%
= 3 3% = 340 3%
oL o
2 Z
=1 32 6% = 320 6%
= o
5 5
2 30 9% % 300 9%
® -
= =
% 28 12% & 280 12%
B s
S g
5 26 13% D260 15%

24 18% 240 18%
Plain N1 N2 N3 Plain Pl P2 P3
Fig. 6. Compressive strength test results using Fig. 7. Compressive strength test results using
Polycarbonic admixtures according to cement developed admixtures according to cement
reduction rate reduction rate
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A= ddo] FXEE= AoR Yeyth PIAIEAS] 4
%, Plain ™8] AJHET} 5% AT OlE B35t 4%
=7t 23518 35.8MPa® 11.18% S7I5H= A& 1
Ebsteh P2, P3 A&A 9A] Plain ti] AMHEZ} 2+ 5% 9
10% Aastgou, FFAEE 34.0MPa®t 33.6MPa
2 Yehgon s EsH7F 2713 E Ao JFe

A AoE eI 4 Uik

LY
7y

ransported by conveyor belt

M

(e) preservation

(f) dry curing

Fig. 8. Production process for retaining wall block

o] 4] FHo] HEottt. BAE FHORE AE AlA
glo] Sl AgAo] wieh AAE AEE ST & wyt
< AASHEA i 23AE Syttt SRS wEks
AAGE 7o o]F ZHolo] WEE &l 9 E5 &
£ 343 A0 AE oS AR AAE 8 &
£ B4 JF -4 3,300~3,700rpm, 2=
65C, HEx= 75%, 7172 500 AR St AE

o}

A g YL AAston, S7|F8L AAeHA] ¢
ot As oA olF s FAE Bl A4 78S
AABHIL AZRZOA 3Y B9 FAgste] AAHETE Fig.
82 39 £E 4] AAEES vEigle, A &
¥ £29] 37]& 1000%750%330 mm(B xLxH)o]c},

A Y EE29 23FE YF4E 249 444
< B7ks] Aol 89 EE0lA AF AEH 4=
AT B} vjuky A F Rh AT AIEHS
A5 Fig. 99 Zo] ST AldES A2k -39
E50] HHEE ddsal AdHolA 100%100% 100mm
F712 AEHES AF st 89 EFol AFHT AP
289 £3YE AFAE AlY ZI= Table 99+ 2t
71& Ee7HEAH ESlAlE AMER 88 E59 45T
I 31.25MpaclH, /AESAE £t 38 E59]
PEATE 38.74MPaZ YeRTh N 23A7L 71&
EZe7lEAA ESAE QP M08 PSS WHS
= 208 grlEo] IgA 9 dRE HEYA &£Y1=
2345t EES §Y EE0E AT 4 SIS Zo
2 ddEc 39 E58 dusie] E3E AIFAR
AF ke IgolA &4 A 8 AEFE AFA Y
49 784S ERIsEY] Yol AT E FhEE T Al
2 KS F 2730E3TE YSHAE 4 93t v
AlgEP)of| Q5] FrE SW(SCHMIDT, Switzerland)
& ARE3lo] Al HAEIGInh 38 EF oA AR

Table 9. Test result of retaining wall block
compression strength

Compressive strength(MPa)
Specimens Retaining wall blocks | Retaining wall blocks
using polycarbonic using developed
admixtures admixtures
1st 31.44 38.51
2nd 29.86 39.60
3rd 31.79 38.35
4th 32.41 38.78
5th 30.12 37.92
6th 31.88 39.26
Average 31.25 38.74
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30cm 7HHo2 =453t
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(D) 22 dEA=35S)[22](Architectural Institute
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Fig. 9. Testing Procedure of Retaining Wall Block
Compression Strength
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Fig. 10. Overview of nondestructive test

Table 10. Test result of rebound hardness and
compressive strength of retaining wall

blocks

Retaining wall blocks | Retaining wall blocks

Average using polycarbonic using developed
number of admixtures admixtures
measurements| Round | Compressive | Round | Compressive
hardness| strength(MPa) | hardness | strength(MPa)
1 25.50 28.62 30.10 31.97
2 25.15 28.36 30.25 32.08
3 27.00 29.71 28.15 30.55
4 27.30 29.93 28.85 31.06
Average 26.24 29.15 29.34 31.42
400
x
E . % w2 XX>3¢<>< : I P o
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Fi
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g. 11. Compressive strength according to number
of measurements
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