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- X
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- &2 :D130[5t SD 500,

- AAP|E

- KBC 2016, KCI 2012
PCEX B Sl
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=g CIEr) 78
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Slag with calcium hydroxide
Class F Ash
Slag
Class C Ash
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s 2 A(Flyash)

dllig 24

Jot

ol (rX JAm

HL |of!

oS

58.59
40.63
5473
49.43
63.26
51.74

Data Average from Korea

| sfeted | Sio; | A0, | Fe0. | Ca0 | Mgo | S0, | KO | Na20 | P205 | Tio2 | LL |
| 2y |

19.93 9.61 3.36 1.81 0.20 124 1.06 0.49 1.06 3.75
16.99 6.17 24.06 3.14 477 1.08 153 0.31 0.69 3.01
20.20 6.36 10.67 2.29 151 1.51 131 0.60 0.93 9.07
21.47 8.50 545 2.57 0.19 139 2.75 0.55 0.92 493
1931 5.15 3.10 117 0.23 0.91 0.77 0.97 1.02 3.87
24.08 11.49 479 2.29 0.16 1.60 1.02 - - 3.64

Nz E4A(Slag)
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\
\
\
\
\
\
\
%

5,579,328 Ha
http://soil.rda.go.kr/eng/atlas/classification.jsp 9
AHllis 24
[—|
£ &4 (Texas)
BIAPA XY W ELEX L Udepts ELXNS:
1‘\
—_—
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/class/maps/?cid=nrcs142p2_053602
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Cohesion (kPa)
L2 0rEZHe)

YL E (%)

less than 6
(preferably less than 4)

less than 800
less than 100
(preferably less than 60)

13 - 25
N.A.
N.A>

Mz =4

less than 10

less than 4,000

N.A.

N.A.
23 - 33
less than 35
SM, SC

11



232E 20t
A2 3 2 E 200
Tier ID Precursor Additive
No
1 100% Slag 5% Calcium Hydroxide
5% Hydrotalcite
No
2 50% class F Fly Ash, 5% Calcium Hydroxide
50% Slag 5% Hydrotalcite
5% Reactive MgO
50% class C Fly Ash,
= 50% Slag No
4 100% class F Fly Ash No
5 100% class C Fly Ash No
6 Portland Cement No
13
Z3¢2E 20t
EM3L A ELH (ST 1%)
uUcs (100% Slag) (50% Slag, 50% F Ash)
| Calcium Carbonate Weight (%)
¢® =2 AEZ
-Z&E 3 Y pH 2L
- 5620|F EtAtSE H& 23t
- 50% =] & 50% FEFY Z2t0I0H4 BHEOl
Phenolphthalein Indicator BHUSOl O et X2 = LIEE
14
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U9 M EINS T 5%)

Phenolphthalein Indicator

HEH AIEN

Shrinkage measurement setup

Slag/class F fly ash with additive case Slag with additives case

AN AT

Different combinations of binder case

| Calcium Carbonate Weight% |

EHatstoll O Fefet R 2

® =2 ANEZN

- XNLZECH S22 OPCEL 2 X520 2

- 50% £l & 50% FEr Z2t0l0i4 & ol
100% =i BHEEO A== 23S

- EJIHI(MgO & Calcium hydrocide)Jt &t
g2 dXE+=2S ZAA2 = US

- BIIMEBHAM MgOJt A== 240 IHE

£2 g2 20/X2 8IS0l =8

I.EI.I_l-
15
F3E 20k
16



et &Il XX}
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ISP
=2co

R 4
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L
B
=y

y

0
0y ox

luidity) : 209.25mm / 93.9mm
20.42MPa / 70.34 Mpa
1 =2110ue / =740u¢

X Mgt /ot 82 2&EGHH £ A St

B
n =

4
i

Y e 30

I
]l
kJ
He
]

rtl
W
o
im
HI
=
2
oo
P!
1123

Z3E 20k

Y e =&

Response Goal Lower Targel Upper Weight
Fluidity Target 9391 159.00 209.25 1
Compressive strength Maximum 20.42 70.34 1
Drying shrinkage Maximum 22110 -740 1
I Optimization results wic Alkali-activator dosage Slag fraction I
I__Optmial mix desion _ 0347 6203 700 i
Fluidity Compressive Strength Drying shrinkage
Predicted value 159mm 66.46 MPa -1198pe
Experimental value 152.58mm 63.82 MPa -1110 pe
Error (%) 421 % 4.14% 7.93%
Unit cost CO; cission
8523 $/m’ 83.39 ke COxkg

+==2 OPCEC X2 =HE, HIE, CO,

E
M2 S8 S=s8 A2 LIEtU AIME HMZ A
M =

A8 = Ot
17
[— |
232 E 20k

& HEXZ F2 AE

- AT XN 2AD N RA(BIRS, HELE
YBLE)E NS HANSYE 012510 X2E2I0f
2820 SR B2 HSLOt MAl

- S0 =20 YR BAEO B0 IX L0t 22
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LHRI

TAMU

Before

Before After

After

3.7
0.8

2.9

3.1

4.2

& HE Al 0 A

0.6

4.7

S/C

221 50%%t C Et

- =
=

w0
ok
KJ

1o

0R0
Tl
Ho

= KSII&E 4MPa(EL &) DIXIA

After

Before

4.0MPa
(reference)

Rl
Ho
ol
ur
M
<+
I3
o)
w9
w2
=] =
W5
RS
oa@ o
O
S
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K0 ©
w2
S M
ic =
oK<
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X X
c 83
© R
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S ©
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39.60%
15.80%
29.50%
35.90%
40.30%

1.59
0.63
1.18
1.44
1.61
343
0.28

6.2

CAL
DAL
EAF
FAH
GAt
HAL

5.86
7.05
7.16
5.16
743
743

- Ne=scli

60°COll 48Al

=
-

SEM=E

tO4,

[S]

80l 82

ni

ol

85.80%
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AATIEIHE

XI2H2OF tH &I |

« E2 &=l 10%, 20%, 30% S 3 level
« X2Zcl0 E82 8%, 10%, 12% = 3 level

Engineering characterization Chemical and mineralogical characterization
Mix ucs Durability pH XRD TGA SEM
100% CFA
50% CFA + 50% FFA
50% CFA + 50% GGBFS
50% CFA + 25% FFA + 50% GGBFS
40% CFA + 40% FFA + 20% SM
40% CFA + 40% GGBFS + 20% SM
80% CFA +20% G
40% CFA +40% FFA + 20% G
40% CFA + 40% GGBFS + 20% G
40% CFA + 20% FFA + 20% GGBFS + 20% G

z
°

©| O N g A~ W[N|=

=y
(=]

Note: CFA — class C fly ash, FFA — class F fly ash, GGBFS — ground granulated blast-furnace slag, G — gypsum, SM — sodium metasilicate.

AATIEDHIE

e X A2 80l IE A=

7-days UCS: 28-days UCS:

& EHl 20% B2

- A KBt MM AAE2E 10%
12% Ol & XIBHOFA T AHE2 10% AFS 2D HIWE M A X010t RS
- 2 A XN2=20 E8=2 50% CFA + 50% GGBFS &

AN AT 28



Mix 6 — 40% CFA + 40% GGBFS + 20% SM:

=
=

b

[u)
o

=AU = 2H(72 1MPa, 282 2MPa)

oF
=

Sodium Metasilicate & &==HI0ll IIE A=ZT

Mix 5 — 40% CFA + 40% FFA + 20% SM:

o)
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ZAE it

AHYXIUINE 20k

YT DHE AHAZ(MPa) B E&X| x| 24(MPa)
._'l.
- _ _ # 1 2 3 oz i Meatof
- HIHE NUIEHRINC SMUE AFAT T
No.3 oM 7RIMPa) 1.19 1.45 1.42 135 1.03 1.38
30 I HE o444 14 (MPa) 1.40 1.36 1.67 1.48 1.13 1.51
= 1 g::z::x ‘d///_‘ Ry o ZBY(MPa) 213 2.08 1.71 1.97 1.51 2.01
% 2.5 | —&— Mix soil_No3 No. 6 opl 78(MPa) 1.78 1.10 132 1.40 1.07 1.43
= —¥— Mix soil_No6 :
g —@— Sand_No3 HE ol 14%(MPa) 1.83 2.04 2.06 197 1.51 2.01
820 —4=Sand Not i asiE o1 28%(MPa) 203 | 290 | 304 | 266 | 204 | 271
7]
5 No. 3 o4 78(MPa) 114 | 120 1.65 133 | 102 | 136
g 5 [ EHE oM 14%(MPa) 221 323 218 254 1.94 259
'g. i1 o1 28%(MPa) 275 | 253 | 282 | 270 | 207 | 276
g 10 No.§ op 79 (MPa) 111 1.35 118 1.21 093 1.23
5 .
.g /Q EgE WY 14%(MPa) 132 147 1.95 158 121 161
€ 05 ! I
g /_ I S S oue o1 28%(MPa) 145 | 176 | 177 | 166 | 127 | 169
c
=] o 4-/1/"4' | | No.3 214 7%(MPa) 030 | 035 | 031 032 | 024 | 033
) 5 10 15 20 25 30 ArEl oM 14(MPa) 0.45 0.50 051 0.49 0.38 0.50
Curing (day) i 214 289 (MPa) 063 | 064 | 056 | 061 | 047 | 062
No.6 4 72(MPa) 0.1 013 | 043 | 012 | 009 | 0412
A o 14%8(MPa) 0.27 0.21 0.22 0.23 0.18 0.23
z0s 244 28(MPa) 03 | 026 | 033 | 030 | 023 | 031 27
=
A AX|HIHE 20t
ZTAY Al
o XBIHEXEIN SEXE
S| X|X|24(MPa) Al5tH2Hmn) _/FgTerzaghi
= PAPNI= PSR Meyerhof &
axgt | 79 | 289 | mAM | 7% | 28 HHEEE o yemor <=
0.37 0.48 e e -~ -
No.3 3000 = 7.81 N
(-25%) | (-2%) & TETHGHAIE Z Tt
HE 0.49 7.44
0.97 1.07 - D3 EgXLe SHHSXXAS HlW6HH,
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* Multiscale Characterization of Fly Ash-based Geopolymer and Type V Portland Cement Exposed
to MgSO,.” Journal of Materials in Civil Engineering, ASCE 34(6): 04022095, 2022.01

* One-part Alkali-activated Soil Stabilization with Sodium Metasilicate : Mechanical-
Geochemical-Mineralogical Characterization, Transportation Geotechnics, 2023.12.

==Y H(Presentation)

« Effect of CO, Curing on One-Part Alkali-Activated Material: Nanomechanical Properties and Microstructure
» Development of Eco-friendly One-Part Alkali-Activated Pervious Concrete Blocks with Industrial Byproducts
* Fly Ash- and Slag-Based Stabilization of Wet Clayey Soils Using Solid Sodium Metasilicate

« CO, Capture of Alkali-Activated Materials: Micromechanical Properties Coupled with Nano-Microstructure

Characteristics, Abstract Submitted to the 2022 SES Conference, College Station, Texas.
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