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ABSTRACT : Limestone-based cement has been well utilized as a construction material throughout the world, but as civil and
architectural development accelerates, limestone will gradually be depleted. The use of cement, the main material for civil engineering

and construction, is rapidly increasing in modern times, and the depletion of high-quality limestone resources will be greater than

expected in the future. Therefore, if existing resources can be used as construction materials to replace cement based on accumulated

technology, the depleting limestone resources can be utilized for a longer period of time. In order to determine whether Hwang-toh,

which forms about 10% of the surface layer of Korea's terrain, can be partially utilized as a construction material, this study aims
to develop a Hwang-toh accelerator agent and prove whether it can be applied to the field through indoor tests.

Keywords : Limestone, Cement, Hwang-toh, Hwang-toh accelerator, Smart costruction, Ground grouting
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Fig. 1. Distribution of zonal soil
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Table 1. Standard injection rate by Injection method (ex)

Injection Rate
Sandy Soil (%) |Vi Soil (%
Injection Method andy Soil (%) |Viscous Soil (%)
Single Tube Rod Injection 30~35 20~30
Double Tube Rod Injection 40 40
Multi Tube Rod Injection 40~45 40~45
Double Tube Double Pack
ouble Tu .e .ou e Packer 40~45 40~45
Injection
Table 2. Injection rate according to soil (ex)
. Category N Value Clearance | Injection Note
Soil Rate (n) | Rate (A)
Loose | 0~10 50 75~90
Sandy Normal | 10~30 | 40~50 | 65~75 Adjust the
Soil Compact| 30~ 50 45 60~70 injection rate
Very more 40 5563 according to the
Compact | than 50 degree of target
Very setting of the
: 0~2 75 35~40
Viscous | Fragile ordc?rfa.nd ground
Soil | Fragile | 2~ 65~75 | 30~35 | remforcement.
Normal ~ 55~65 | 25~30
Al 1 K=X oF =0l A
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Table 3. Test results

No. | Test inspection items | Unit TestNireltsl]:s;:tlon Rz:ljltts
U spect ﬁcF;‘l‘zzce Area) em¥g |KS L 5210:2022|  5.837
2 Specific Gravity Mg/m’ |KS L 5110:2021 2.51
3 pH - KS M 0011 4.89
4 SOs % KS L 5120:2021 0.4
5 MgO % 0.4
6 SiOs % 52.8
7 ALO; % KS E 3807:2008 23.6
8 Fex0;3 % 0.5
9 CaO % 1.4
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Table 4. Test results
Measure- Test Results )
No. . Unit | Sample Analysis Method
ment items 0Q KQ |MDL
Not Not IEC 62321-5
Of O
1 Pb - .1.0:
me/ke detected | detected 10 Ed_l 0:2013 .
(Mutatis Mutandis)
Not Not IEC 62321-5
2| cd |mgke| - | Ot ol e °t o Ed.1.0:2013
etecte etecte (Mutatis Mutandis)
IEC 62321-4
3| H ok Not | Not |, Ed.1.0:2017
m; - L1.UL
e g detected | detected . .
(Mutatis Mutandis)
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Table 4. Test results (Continued) 3.3.2 M@It

. Test Results SIETAA A o] ALAAE 3}H o|zt LAA 3}
No. Meas.ure Unit | Sample Analysis Method SEEE ﬂ HEJ ° ] ﬂe S 7-“ ]E H= ﬂQ]— e
ment items 0Q KQ |MDL [ A - N = S _
—— T8 F2A FAANE WEolA] 26711 FBo| thk A
Not Not - - = =
4 Cro+ me/kg ) detected | detected 8 Edf1‘0‘2013 . ?\gﬁejq"\%.‘ Table 49]' Qol O\_].X“” oﬂ OHER% Aé‘{‘?.‘o] 7\5‘%54 ;q
(Mutatis Mutandis).
Not | Nt IEC 62321-6 ool Aehy SIAIR 8ol 7t Aem BRIE -
5 |Total-PBBs| mg/kg - detected | detected | - Ed.1.0:2015
(Mutatis Mutandis)
IEC 62321-6 = =
6 | Mone-BB |mgkg| - Not | Not 110 1 4102015 3.4 Y=ZE A™
detected | detected ) .
(Mutatis Mutandis)
IEC 62321-6 41 XA aIREl 2 gYS
7| Di-BB |mgkg| - dez::e J dez::e 4| 10| Edr02015 341 AwEted SH |
(Mutatis Mutandis) @ %]_E f(]-f,\—:LE]——C,’—‘% _(7)1_%4 HH@‘H](K.G.O-CG%‘ES)
Not Not IEC 62321-6
8| Ti-BB |mgke| - |, "t d| et "t al - Ed.1.0:2015 o ]
etected | detecte (Mutatis Mutandis) Table 5. Mixing ratio
IEC 62321-6 .
Not Not - Hwang-toh Block Hwang-toh Reinforce
9 | Tetra-BB |mg/kg - detected | detected 10 Ed.'14042015 i Sortation
(Mutatis Mutandis) AP Water EP 0Q HP Water
IEC 62321-6
10 | Penta-BB |mgkg| - dezg:e . deggie 4| 10| Ed102015 Fast 70L | 130L | 80ke | 20 ke N 163 L
(Mutatis Mutandis) Medium | 70 L 130 L | 80 kg - 10 kg | 169 L
IEC 62321-6 Slow | 30L | 170L | 80k - 10 kg | 169 L
11| Hexa-BB |mgkg| - dezg:e q dezg:e al 10 Bd.1.0:2015 2 g
(Mutatis Mutandis)
Not Not IEC 62321-6
12| Hepa-BB |mefke | - | yooiied | detected | 1° Ed1.0:2015 @ FE 17}e 2aekeE T uiEn|(K.G.O-CHE )
(Mutatis Mutandis)
N Not IEC 62321-6 o )
13| Octa-BB |mgkg| - ot °t 110 Ed.1.0:2015 Table 6. Mixing ratio
detected | detected N .
(Mutatis Mutandis)
ot ot IEC 62321-6 Sortation Hwang-toh Block Hwang-toh Reinforce
14 | Nona-BB |mg/kg - ° ° 10 Ed.1.0:2015 AP Wat EP 0O HP W
detected | detected . . ater Q ater
(Mutatis Mutandis)
ot ot IEC 623216 Fast 80 L 120 L | 90 kg | 20 kg - 162 L
15| Deca-BB |mghkg| - | i detected | ° Ed.1.0:2015 Medium | 80 L 120 L | 90 kg - 20 kg | 162 L
(Mtatls Mutandiy sl 0L | 160L | 90 k 20kg | 162 L
ow g - g
16| Towl kel - Not | Not | 1115553 1602-32%)11_56
PBDEs detected | detected (Mutatis Mutandis)
IEC 62321-6 5 =P A OE] 3L SH =U
17 |Mone-BDE | mghg| - | N | N 10 | Ed1o201s © FE F718A Aeaeked 34 igHIK GOIGER)
detected | detected . .
(Mutatis Mutandis)
IEC 62321-6 Table 7. Mixing ratio
18| Di-BDE |mgkg| - dez::e J dez::e 4| 10| Edr02015
(Mutatis Mutandis) ) Hwang-toh Block Hwang-toh Reinforce
IEC 62321-6 Sortation
. Not Not ) KQ Water EP HP Water
19| Tri-BDE |mg/kg - detected | detected 10 Ed.1.0:2015
(Mutatis Mutandis) Fast 75 kg 163 L 80 kg - 173 L
IEC 62321-6 Medium | 75 k 163 L 80 k 10 k 169 L
20 | Tetra-BDE | mg/kg| - dN"t J dN"‘ 4| 10 Ed.1.0:2015 £ £ £
etected | detecte (Mutatis Mutandis) Slow 25 kg 188 L 80 kg 10 kg 169 L
IEC 62321-6
21| Penta-BDE mgke| - | I\I‘): il I\I‘)i 4l 10 Ed.1.0:2015
clected | detecte (Mutatis Mutandis)
_ 1 _
22 | Hexa-BDE |mg/kg| - 10 Ed.1.0:2015 -
detected | detected (Mutatis Mutandis) (K.G.O-IH‘JO‘]{Q)
Not Not IEC 62321-6
23 |HeptaBDE|mghkg| - | o o] 10 Ed.1.0:2015 Table 8. Mixing ratio
(Mutatis Mutandis)
Not Not IEC 62321-6 Sortati Hwang-toh block Hwang-toh Reinforce
24| Octa-BDE |mgkg| - o o 110 |  Ed1.0:2015 ortation
detected | detected i X KQ Water EP HP Water
(Mutatis Mutandis)
ot ot IEC 62321-6 Fast 100 kg 150 L 100 kg - 167 L
25 |Nona-BDE |mg/kg| - | | detected | 1° Ed.1.0:2015 Medium | 100 kg 150 L 100 kg | 20 kg 159 L
(Mutatis Mutandis)
ot ot IEC 623216 Slow 50 kg 175 L 100 kg 20 kg 159 L
26 | Deca-BDE |mg/kg | - dt"t d dt"t AR Ed.1.0:2015
clecte clecte (Mutatis Mutandis)

Notes : mg/kg = ppm (parts per million), N.D = Not detected (<MDL),
MDL = Method detection limit
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Table 9. Test process (K.G.O—-CG)

Sample Fish Toxicity Test
Photo Start |12 hours |24 hours|48 hours |96 hours

Sortation

Com-

parative
group
Test
group
(Fast)
Test

group
(Medium)

Test

group
(Slow)

Table 10. Test process (K.G.0-IG)

Sample Fish Toxicity Test
Photo | Start |12 hours |24 hours 48 hours |96 hours

Sortation

Com-
parative
group

Test

group
(Fast)

Test

group
(Slow)

Test |
group
(Medium)

35.2 A&zt
@ pH W3} AlAA

—+—K.G.C-CG(Fast) +—K.G.C-CG(Medium) —*-K.G.C-CG(Slow) —#-K.G.C-IG(Fast ) —o—K.G.C-IG(Medium) —K.G.C-IG(Slow) =~ Control Group
9
88 [K.6.C-CGlFas) PH=89
8.6
8.4 K.G.C-CG(Medium) PH=8,55
8.2
zs8

K.G.C-CG(Slow)|PH=8,03
[K.G.C—iG(Medium) PH=7.63

K.G.C—IG(Fast)|PH=7.59

f f‘ | =
72 “/ Al K.G.C-IG(Slow) PH=7.38

7 Control Group| PH=7.10
0 1000 2000 3000 4000 5000 6000
Time(Minute)

Fig. 6. pH change by combination up to 5,760 minutes (96 hours)
after the start of the test
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Fig. 7. The number of Fish killed by the combination (Fish survived
for 96 hours)
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Table 11. Analysis results

M
3 Cu  |mgL| "2 | 0.007 | 0.008 | 0.007 ICP-OES
than 3

More Not Not Not
4 Pb me/L. than 3 |detected | detected | detected ICP-OES

More
Not Not Not
s He mg/L. | than detected | detected | detected CVAAS

0.005
More Not Not Not UV-Visible

6 | 6Gachrome | mg/L than 1.5 |detected | detected | detected | Spectrophotometer
More Not Not Not UV-Visible

N L
7 ¢ me/ than 1 |detected | detected | detected | Spectrophotometer

3 Organic me/LL More Not Not Not Gas
Phosphorus than 1 |detected | detected | detected | Chromatography
9 Trichlo- m/L More Not Not Not Gas
roethylene than 0.3 | detected | detected | detected | Chromatography
10 Tetrachlo- mg/L More Not Not Not Gas
roethylene than 0.3 | detected | detected | detected | Chromatography
1 Oil % More Not Not Not Gravimetric
Ingredients | than 5 |detected | detected | detected Method

@ IE WPe 57144 A4=18-d KGO HEH

Table 12, Analysis results

Measure- . o Analysis Results
No. . Unit | Criteria
ment items Fast |Medium| slow

Analysis Method

More Not Not Not
! As me/L than 1.5 |detected | detected | detected ICP-OES

More Not Not Not
2 ¢ me/L than 0.3 | detected | detected | detected ICP-OES

More Not Not
X ICP-OE
3 Cu m/L. than 3 0.006 detected | detected CP-OES

More Not Not Not
4 Pb me/L than 3 |detected | detected | detected ICP-OES

More
Not Not Not
5 He mg/L| - than detected | detected | detected CVAAS

0.005
More Not Not Not UV-Visible
6 | 6Gach
achrome | mg/L than 1.5|detected | detected | detected | Spectrophotometer
More Not Not Not UV-Visible

7 N L
¢ me/ than 1 |detected | detected | detected | Spectrophotometer

_ Analysis Results i
No. Meas‘ure Unit | Criteria Analysis
ment items Fast |Medium| slow Method

More Not Not Not
! As me/L than 1.5|detected | detected | detected ICP-OES

More Not Not Not
2 L ICP-OE
Cd me/ than 0.3 | detected | detected | detected CP-OES

3 Organic m/lL More Not Not Not Gas
Phosphorus than 1 |detected | detected | detected | Chromatography
9 Trichlo- me/L More Not Not Not Gas
roethylene than 0.3 | detected | detected | detected | Chromatography
10 Tetrachlo- oL More Not Not Not Gas
roethylene than 0.3 | detected | detected | detected | Chromatography
1 Oil % More Not Not Not Gravimetric
Ingredients ® | than 5 |detected | detected | detected Method
3.6.2 7t
e 2aekeE KGO-CGRHT} 38 17w 273
A A2ehe " KGO-HEH FAAE 92 $4 ¢4

| | )
2 Afsto] H71E34 Aldd} d71E dEo] A oot
71EAEE o Havt ¢le W3 Algeks Zo] Table 11,
129} Zro] Frgo] E|Qitt FE|vt LEZAWE ARE W=
L Ao A A= SIAPEE 23 E35tE 0] Qs AR
O & 3mg/L o4 A7)0 K| 0.003~0.0073mg/L
o g gdlo] Hrh
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