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Characteristics of Banking Structures Constructed with
Improved Tertiary Mudstone with Composite Slag and
Neutralizing and Coating Agents

Baek, In Woo

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

This study suggests the solution through the field substantiation test of
the banking structure treated with composite slag and neutralizing and
coating agent to utilize the tertiary mudstone as civil engineering material.

Slacking, swelling, and acid drainage were expected as a result of
laboratory tests for the physical, mechanical and chemical characteristics of
the tertiary mudstones in Pohang, Korea. In order to solve the expected
problem, the tertiary mudstone was mixed with composite slag by 10%, and
the neutralizing and coating agent was used to generate latent hydraulic
property and to prevent natural weathering.

Three banking structures were constructed as one mixing designs
pre-processing section, remainder post-processing section, and temporary-
stacking section. In addition, a monitoring measurement system was installed
to measure pH, water content, and settlement to check the constructability
of the structure.
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As a result of measurement, the pre-processing section remained stable
due to the mixing design. On the other hand, the post-processing section,
which natural weathering proceeded rapidly, secured stability and
constructability through neutralizing and coating agent injection test. As
temporary-stacking section was confirmed temporary neutralization and
coating effects, the solutions proposed to utilize the tertiary mudstone as a
civil engineering material are certainly proved.

KEY WORDS: Tertiary mudstone, Composite slag, Slaking, Swelling, Acid drainage
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Table 2.1 Percentage of swelling clay in rocks by geological age
(Lee et al., 2002)

R Percent R Percent
(%) (%)
Pliocene, Miocene 65 Upper Mississippian 40
Oligocene 50 Lower Mississippian 5
Eocene, Cretaceous 40 Devonian, Silurian 5
Jurassic, Triassic 20 Ordovician 15
Permian 40 Cambrian and Precambrain 5
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Fig. 2.3 Drying and absorption condition model of rock(Onodera, 1974)
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Fig. 2.4 Occurring factors for clay swelling phenomenon(Gillott, 1968)
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Table 2.2 Weathering grades of weak and weathered rock (modified from

Dearman, 1976; Geological Society, 1995).

Weathering Grade

General Description

Weathered Materials

Residual soil
(V1)

The rock is completely
changed to a soil in which
the original rock texture has
been completely destroyed.

Soil derived by in situ weathering
but retaining none of the original
texture or fabric.

Completely decomposed
(V)

The rock is changed to soil
in which the original rock
texture is (mainly) preserved.

Considerably weakened, slakes,
and the original texture is
apparent.

Highly decomposed
(V)

50-100 percent soil
from decomposition of the
rock mass.

Large pieces can be broken by
hand; does not readily slake when
dry sample immersed in water.

Moderately decomposed
(1)

Up to 50 percent soil
from decomposition of the
rock mass.

Considerably weakened,
penetrative discoloring; large
pieces cannot by broken by hand.

Slightly decomposed
(1)

100 percent rock;
discontinuity surfaces or rock
material may be discolored.

Slight discoloration and
slight weakening.

Fresh
(1)

100 percent rock; no
discoloration, decomposition,
or other change.

Unchanged
from original state.
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Table 2.3 Godfrey’ s slaking grade

Code Classification Observations
. No visible action.
GO No slaking ,
Water remains clear.
Water remains clear. No further action
Gl Edge fall off onl
g Y after initial spall-off around knock points and edges.
Water remains clear. Slight to mild surface and edge
G2 Slow surface slaking slake-off within 3min. Surface appears slightly softened and
swollen sometimes. No further action.
Spall-off and slake to a fissile flake pile, tabular and
G3 Medium slaking; sheet-like. Little or no visible swelling. No colloidal cloud.
no colloid Core of original specimen often preserved as a series of
upstanding flakes.
Rapid slaking; Immed1at§ slake-down to a shapeless pile of smallish
G4 . flakes with some swelling and moderate flocculation
no colloid to some areas. No colloidal cloud.
Rapid slaking; Fast slake-down to a' shapeless pile of small crusts and
G5 . flakes. Often gel-like, colloidal, puffy flocculations.
some colloid ) i
Thin, weak colloidal cloud. Moderate effervescence.
Rapid slaking; Rapid and violent slake-down and swelling with much
Gb . . . effervescence. Marked swelling and gel-like flocculations
swelling, thick colloid with quite a thick colloidal cloud.
Extremely rapid slaking; Extremely rapid and often violent break-up
G7 to a swollen amorphous pile of jelly-like consistency

gelled, thick colloid

with rapid colloidal cloud spread

Collection @ kmou
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. J
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Electric arc furnace
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{20% of electric arc furnace slag)
A A

Fig. 2.7 Classification of steel slag
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(3Ca0—285i0,—3H,0 ADolt Zg LE0|Yo|E $82(3Ca0— Al,O, —6H,0
AE FAdstAl o Moh(1965)= th&2 AIRES] 3§34 &3 F4kstd

w2 E Wkl tha Arsta o

\

Cement + H,O - CSH+Ca(OH)2
Ca(OH), - - Ca**+2(0OH)~
Ca** +2(0OH)” +Si0, -~ CSH
Ca®" +2(0OH)” + Al,O, -~ CAH

Chadda(1970)= 3} AWMES] Fshutgo] o8] 7PAAS =i 2 o]0

Collection @ kmou



wo=
E__xﬂﬂ#
10?_.31“_”.
W;ﬁﬂ;ga_sw
MGWA#W% B XN
Hm«%?@ﬂr m«mmmmwﬂo@ﬁo
qw%%%; N%%W%zﬂm%
o] X0 O 0
%ammwzf W%m:ﬁﬂ_dﬁoﬂ TTNE
s B iy P N R o e o
[~ e A Jm = T {Jw E_ f25e) ~ 1__/I o~ .z,_ﬁ o) T 0 B
zto}ozﬁ zq;;@ 5 R RN Ea
R SEitiat g}%ila\ﬂ
aL,nklﬂﬁN7E,mmL ,:,._731_lm U_.EMﬂ‘W lwAH,ﬂII)MﬂJIAT
ﬂﬁaﬂﬂé_e_ mMogAgEﬂJH wx(w %zwg
;ﬂ_aﬁoﬁ ™ mﬂw@#%% Hfooﬂ9w
om«ezgz T Ny HECS n Hgiﬂlﬁ_amﬂ@
ﬂﬂu%ap@ w M S AN ;Ugalﬂm;.o
Q%WL v aagmrm.gﬂﬂ ﬂﬂ.owxeﬂﬂﬂ
@&A%OMﬁ _gmwmﬂmmm&mﬁ aLJQW}U R do
— o 0 o
ﬂfxooﬁobﬂo u_.geﬂﬁ_al.,_zgﬂwﬂ ovﬁ_a .3,Aop ]m/a},
,BlmﬂATnn,ie Urmvﬁe_umao#o n:‘_ Jv_EOQod%‘moMu]L
ﬂﬁﬂwﬁwg% %ﬂmaﬁmowﬂwzmﬂgmwzgw
T X e L M_Ma;@i;hﬂg m;wm;om do ¥
ie_ﬂo_Loﬂ % E_ﬁovgwmauﬁﬂ ﬂ@@ﬂﬂ%@ﬂ#
O# ‘,WL W_r‘.* =1 O_ ] J— ﬁo 02 HT_ OT ,Ul _Z,_ﬁ 0?._ uA;O ﬁl EL ,_Lr HA_VO ,Uu.l 0?._ ‘mE
ﬁﬂ%mgéwr A Mo%uﬂoeﬂﬁmv%fm«MHé%Mﬂ%fr
B _ = K Y ; % = o X
L%%o_oﬂ# o Aftmmﬂzmuwf:azﬁﬁﬂo}boﬂ
ﬂ#gmﬁ%% = 0 ﬁ&x%;ﬂovgﬂeﬂxwzlﬁ
% & — TN ~ W Hiiﬂ W qualn
mnmgﬂw 1%wm@wfii;owo;ogﬂagma
~X 7K o T
%?@%M@ ﬂﬂg%&f#t@%ﬁ%ﬂ@ﬂmZﬂ%
‘o|w_v T ~o ™ ,qu‘ul},qaﬂQLJ%o_OAomﬁﬂﬂME
I @,W Yo 0?%%@5% ao_o]:f}]x
mﬁﬂwdu R A_Edn@mEﬁoﬁAv]éJumLm muLo op M
= o ¥ w3 Afaoﬁam1f@gﬂﬂwﬁ
<§@Rﬁquﬂ@ ETOLMQnL]wﬂw
7_.71r_u O_O‘Llﬁo‘:rﬂ_l’ OOEH&.‘O_O
1,_.___.|HE Xﬂ E‘Ixf L.mJI‘LIO —
muo_LLEmLx#oﬂgz x}_OAALmL
ol pig { - < ) pig o 2 o
_Lanu%L_ﬂ a aﬂéd.ﬂ
Eﬂ?gH,JuEATﬂHWT
o aoE 2_xﬂmﬂ
C@MEl%z
&uﬁp]m
T AP

- 17 -

C .
ollection @ km
ou



o oM W ode W W T omR
T o owmw o, A —
o) o w| )
O I M =
o m_-_ ﬁo OT ‘M OM ﬂwu
R I
LY mm o cw W =
P oo " ok 7o o\
o T AR Eﬁ: +
o K - 2 " .F
AT omod oo
T XWX i By i)
S o o
= E I & % HA_W PR
_ - ~ = KR
™ O# N I_W .mL X z.zo
M B R N =
= uaﬁ X
Lizidng e
S A Eﬁ: o
T W ﬂl = = _X, T
w" RN Lﬂ_ T ) el
s — U 0] Of
T R B
g ~ - —
LUESREE "
> 1¢O_Lﬂa_w B
r59:83%3
N W W o LI
o T E ol B
)RR R P ow T o
ne N B A T W
T o Mg 3
o o Moo Q
W oW oWy o oo =

7HE = 4

of Wal A= wae Fxsl th2A e
Al,Os

J

=

SiO.
slag

\

MgO
slag
Sio,
AlO;

Slag hydration substance

2

water
Film breakdown with
X X X X X
Ca2* penetration
X X X X X
X X X X X
- 18 -

' OH- ions such as lime
film formation.

and sulfate.

\ ASH; impermeable

Clinker
Ca®**

2680 *

Clinker hydration substance
Fig. 2.8 Hydration reaction of blast furnace slag(Shin et al., 2012)

eore) A A8 = st

A2 2]

Collection @ kmou

A=



Q) BAse 1o &2 A=A

UM AFHRol AAEU 1] AAFHY RS S &Y AFA Aot
= @Al @iolth Fig 295 1EE# 19} fAM T2 ZE LFHw
AEACIE fFe7t &Fe ASAS] pH 23 wet 3tete e WERY
T Ak (A9 2ol pH 7-10 2ANAE FdF YR Na',GPTol2o] &
Azte] HYolex wEgoz o]2wd Hkgo] dojdty (B)9 pH 11~12 %7
A= & EAd 9% Jteid weos oA FHd e Si-0-Al
Ajte] Sist Al OH717F F24ste] ®@olA 3tgnh. pH 1112 =70] A
5™ (O #Zol Si—0—Al AFo] EoAAA drh. (D¢t #&o] ZAgto] #o
AA HE Aol FAH AW St AP o)l &3 YR AW Gt Mg,
Na"o]& 5ol §&3A Bt &59 §'T, AP0l OH ol Astd]
Si(OH),0™, Al(OH)'” goleS A3, G’ ,Mg*",Na'ol&e Iz &4
&HAl #rh l—? Ug 23} Tt HA ol Folo] Ajtste] C-S-Hut

C D
(‘} ", e () "o "
. or o '
o—§K. MO °‘2"°" o
P e s oH ™ J ;9*"“"
Si O"/ A O”H,O - |
‘(\\ , ANOH)
oMk no mo~y M 1™
/ 3“:"/ N o i
si [ e {
i / - S(0H,0”
H 0 H
| _OoH o-se LA W
A ‘J't"o Hlo
pH ~11-12 pH~ 11-12 pH~ 11-12

Fig. 2.9 Dissolution mechanism of an aluminosilicate glass during the early

stage of reaction(Li et al., 2010)
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24.1 vl A wAYZ

AR BN BB EGUfde) S FHT HHZo| EakA EAet
o BA e $47E, BAAE F D5l @ WA, el FA o) whe
0% QF WARE 5 Thre N Azgol o) AMHT HA1G1995) F3}

2ol 33 YL AYHE =0 we EH, Fa 4R B3 AW
24 A4E2 P AT AN SHAHTable 2.4)

Table 2.4 Chemical composition of representative sulfide minerals

Type Mineral name Chemi‘c‘al Metal oxidation | Sulfur oxidation
composition number number
AX Argentite Ag,S o B
Chalcocite Cu,S
Galena PbS
Sphalerite (Zn,Fe)S
AX Chalcopyrite CuFes, +2 -2
Covellite CuS
Cinnabar HeS
Pyrite FeS,
AX, Arsenopyrite FeAsS +2 -1
Molybdenite MoS,
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AAMrE BAATE M dEAY B ES FeS,E
(Marcasite) 3} 3+ 4 (Pyrite)2] Fel2 4EHch WEdA e AR QA F}HA
grol A walE e, AAdAdAE FHMol © ol EAsHH, 2Hduig]
WALt FEA osiA ofr|EH FHAMo st AL o 2o
(Stum and Morgan, 1995).

FeS,+3.50,+ H,0 - Fe*" +2S0; +2H"
F*t40.250,+H' -~ F** 40.5H,0

Fe*" +3H,0 -~ Fe(OH),+3H"

FeS,+14Fe* " +8H,0 - 15F*t 42507 +16H*

AAdufare] B FEA myo] 4kast Bo| kEE o] FWH pHolA 4k3)
Hhgo] dojum R HT,S0; & ATtk pH > 49 4tst A AE R’
7} Fe(OH), 2 FA=WA Hol] AA=HEH, 43t ¥hgo] A% P wa}
H'7F A=) pH7t HAF Yol 7 ok pH 4 pigto g HAad u), Fe 4h3}
dhe g ol R pH 2-4 Fholl A8Ho] FlellA R’ 4ksh A HA
oz F7MNZITE A pH < 49] 43} $7o) =i RPre gaixrt
Ve Fe'7E AR ASAR Abavt kAl 43S ialste] Ao
ksl wbgo]l FEE wlx o B H' I FPTE AXSHA A

olN

T

oo

ok ol FHA Y 43 W HAE A& &5 FUIHU vy H
HAolty.  FHA Ao  #AAdsteE mAES A EW Thiobacilus
ferrooxidans, Thiobacillus thiooxidans, Thiobacillus novellus, Thiobacillus
acidophillus, Sulfurlobus acidocaldarious, Leptospirillum ferrooxidans s©] At}
oY E 2o o)F [Pto]l YALS Abiol o3 AART oF 10°H) o]go =
o214 ¢ltHKirby et al., 1999; Kock and Schippers, 2006; Nordstrom, 1982).

Collection @ kmou



4

o]

ot
rlr
Jm
o
flo
SN
rlr
O
v}
o
flo
=1

k

Fe, H, SO, o9l = Be 53 Felof 9l
A BB galEE $HL Ve wgAol

NaAlSi,Oy(s)+4H " +4H,0 - Na**+AP" +3H,Si0,

9] whg2Al3} o] vre pH AtEle] AHAHIEL 3Hd 2 A skl f9)8HA
W pH7F F243] =olAH HEFAEEoly SdFugaAtEtE Jde 2 JASHA
Hol Yellow boy T W3} @GS FEAH ol2d AuleE Bl
AxF, AstrE LGAA AL, FH YA wd B OIS SAHAEAE

fFaels Aoz d#jd JQuHKalin et al., 2006; Koryak et al., 1972).
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s WA=

57k 2715

o4 E= pHYE AHdstEH, A E 84 FE5T Fe, AlS]
Aog 4 ArHGolez and Kyuma, 1997; Hillwood et al.,
2006; Muhrizal et al, 2006). AHgulo] P& we BESL T34, H', Fe,

AEo ZAS el b Al Edel §F2E M, K,
Ca, MgE 033ty 2 ZIA7|H, g Fol2o] Ha] B o]

A FAste] TE ol FAL FIAA

o

(Kim, 2007).

Selubebol A Ak b
|

Faha s oEAe

B Pyecngen Supergroup
- Volcanic rocks of Mesozoic Cretaceous period

- Okchon Group

Valeanic rocks and sedimentary rocks of Tertiary period

Fig. 2.10 Distribution of acid rock drainage in South Korea(Kim, 2007)
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24.2 Qv 2 A7 7le

Aol oF WA A&
A oA o
WA Ao hoFd
Table 2.5} #o] A&

2 A g(active treatment),

]o

2 FEZ F Utk o] F AEMS AHEHe g2 A7 &
Zlso]l @A HE&HI ot A A
P Y FAEESA BHoE s F o, X#%

22 A g(passive treatment)®2 Al &3 4 ¢

Table 2.5 Acid rock drainage treatment technology

Non-biological Biological
- Neutralizer added
. - Oxi & li ;
Active Ox1dant. neutralizer added o . . o

- Adsorption - Off-line sulfidogenic bioreactor

treatment , treatment
- Reverse osmosis
- High density sludge
- Anoxic limestone drainage
- Oxic limestone drainage
- Open limestone channels Aerobi dand

- Aerobic wetlan
- Limestone diversion well Compost reactor/wetland
. Y
- Reducing and Alkalinit
rod cing svstem (RA;/S) - Packed bed iron-oxidation
. u .
Passive P g y. i ) Passive bioreactor

- Reverse alkalinity producing ) i

treatment system treatment | - Microbial reactor system

. . - Vertical flow wetland
+ Alkalinity producing cover - Permeable reactive barrier
- Slag leach bed (PLB)
- Successive alkalinity producing
system (SAPS)

- Permeable reactive barrier

A4 Agrled ATsE, a3 dodA dAggsi, 2d=4d AHgd o
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&2 w7k Bashy) WE vg BA wHol Uk ©
& 2ol A% vFel weAst By o)F

A BUE <A BH
HDS)E o] EAE AT = Yt 71e A4S el FHo] £HAE 9

718HA] il Aedete] R = deefEe I S¥A A¥E Y

AR ) oA &e Theel Table 269 owl, el st YL
ARt 7140 T8 Btk MuS BA AVEe T WO B
o Ag s AF

Table 2.6 Acid rock drainage suppression technology

Basics Detail technology

- Oxygen removal : organic matter addition

Oxidizer removal . ) .
- Fe’" removal : neutralizer addition

Suppress oxidizer by i 4 -
production - Fe”" production suppression : germicide treatment

- Atmospheric blocking : underground storage, solidification,

Blocking oxidizer underwater storage

and pyrite ) ) . )
- Blocking the pyrite from Oxygen and Fe”" : surface coating
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311 Al 37] °|¢&

B AT ASHE ol ARE AYERE THA FAF ollel @A LA
Fol ANG ALFTARFANA AAT VA oGO ERFA A FH B
e FRE 1A Ln BEF AR B89 el
WAT B ol s TEEY P A SeE Ao Basn Ao
(Fig. 3D. AEE AAT Aol olghe A A 3 5

5ol AP, HEA PPoE ABM AY L ol G AY 2

olgkolm] ko] HA|FTE.

A IR i
N : o A AT : Tertiary mudstone
N % Jne . distribution area

@ : Sampling location

Y
Ca {r LSS PRgng
LS e 5

%déﬁ I_:’_j \1 rt%qf

a, M e e o5

SE s (};%@}‘ St

‘hr:-\, A ff'\i 4 * ;
Leess® o wnl (S

Fig. 3.1 Sampling location of mudstone in Pohang
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2

S|

dA HA=xstar 200 mesh(< 75 pm) ©]

S|
&y

(4) XA sdZHA 4 (XRD)
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o} AH ZA A= YUL-5T(Yeon Co., Ltd) Y=G=A1H7|E o] &3l =
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2
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ol NEE EYLEFTAANEH T AEN&EFF2)H S gsta d4 4
2HE AFEStY AAE BFS AR HESE A S 0.45wm membrane filter2 of 7}
AN = A Zezut B33 E2A7ULTIMA 2F ©]&3tY T545S 4
° 2 st 167HA] ol FFS A sHATH

10) &ole &4010)
olgt A1ZE NAG pH &&X<S Tl 43F w&8HE 0.45um membrane
filteroll A7l &, o] =A=2wtE1HI(C, 881 Compact IC pro)E °]-&3}e
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322 Agul A 8l QA B}

(1) Total S

% 3 g BEAS 9484 7)(vario MACRO cube)E o] &3] ow, o]k Al
25 43 Ax7d9A @A A=x3sa 200 mesh ©]sk2 I gk Fo 100 mgo.
2 AeFalge}. 850 ~ 1150C AAMOZ C H, N, S%) SHeke 2o A}
How, EAH 3 33H%)S o] 83} ARD test hand book(2002)0l A A A|F=
21 D< st Hol AF FAAZFMPAE 4H=EsH T

MPA(kg H,SO, /t) = Total S(%)x 30.6 (D

(2) ANC test
A+ =3} g8H(Acid Neutralization Capacity) A& o]t A g U 3F3FE=E
daf B AdurEE AA 74 FEo] TS F Ae vYS Hrkste B
Holty, ¢4 Fizz testE F3 GuCO; H5E
S Ay B& "oy Table 3.1 vlws|EH Q&0 A-§3t= HOZN NaOH
o] =9l Hyul2 A A 74><H 200 mesh o]st= FHH ol Al®
m

]
A SRTFE FYE 2 HFE A2AdA A2/ FH w842 pH 0.8
Afolel W9l RS I W& o] pH Wl SojeA w¥ow Fizz
test 8 AAEES AATT HY St Eoles W8NS AAHE NOH=E

pH 57hA A A3 % 30% H,0,5 v& F
o
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A3 o) 2] (2)9} o] ANCE 4+=3l i thSobek et al., 1978).

Y XM
ANC = —— "% & 2)

Wy

o714 Y= (Vol. of HCl added) — (Vol. of NaOH titrated) X B

(Vol. of HCl Blank)

B= (Vol. of NaOH titrated Blank) "

AANA, My, = BEE, wE ARTA, C=49.0 (kg H,SO, / o]t}

ANC 23} gho] Table 3.201 AAlE e ol A=A Aot

Table 3.1 “Fizz Ratings“ and Associated Acid Quantities and Concentrations to

be used in the ANC Determination

. Fizz HA NaOH
Reaction .
Rating | Molarity (M) Vol. (mL) Molarity (M)
No Reaction 0 0.5 4 0.1
Slight Reaction 1 0.5 8 0.1
Moderate Reaction 2 0.5 20 0.5
Strong Reaction 3 0.5 40 0.5
) 4 1.0 40 0.5
Very strong Reaction "
5 1.0 60 0.5

- 5 is used for very high ANC material (> 400 kg H,SO, /t) e.g. limestone

Table 3.2 Recommended ANC Ranges for Each Fizz Rating

Fizz rating 0 1 2 3 4 5
Minimum ANC 0 10 40 100 200 400
Maximum ANC 10 40 100 200 400 -
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(3) NAG pH

<= 4 @AY EFNet Acid Generation) A g2 o]t Al

A FE o R 15% H,0,9 ¢4 AxH 200 mes

S
oot
o
ofd
il
flo
o
ﬁ

100 : 1 W= 3)4ako] 12 A3t o4 WHSAIZITh WHSF 8912 80 ~ 90T |
]

LER AA3 MDA A nee PNE FREZ FA8) 2o o

AL Polds H,0,% EA7IE Hgelth B3 HAL v £ Table

3.3% thx3t] NAG pH gkell @& NeOH FE5 FYUstd pH 4.57HA FA 3
[e)

o} AFo] W A 3)F o] NAG S 42383 Table 3.49 wtgt A=
o] Ak A ZAES HIFgkoHSmart et al., 2002).

Table 3.3 NaOH titration molar value according to NAG pH

NAG pH > 2 | Titrate with 0.1 M NaOH | Titrate (with continuous stirring)
the NAG liquor to pH 4.5

NAG pH = 2 Titrate with 0.5 M NaOH

put NaOH Vol(ml) X put NaOH (M) < 49 3)

NAG(kg HySO,/t) = Sample weight (g )

Table 3.4 An indication of the acid potential of a sample

NAG pH (kg 122(304 /) Acid Potential Sample
= 45 0 Non-acid forming (NAF)
< 4.5 5 Potentially acid forming-lower capacity (PAF-LC)
< 45 > 5 Potential acid forming (PAF)
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(4) NAPP

&= AF 2A AR E(Net Acid Producing Potentia) & Hth A2 2F=(MPA)2}
Z3} 8 F(ANC)Q =] Zko 2 NAPP > 0 ol AHAdua A MAAdo] =
o2 FHdsicSmart et al., 2002).

&l

rlo rjh

7

(5) AHgul 5 WA b e 9 By

=

h

Total S, ANC, NAG pH 43 A5 7|Fo=2 AR Al B NAA
< Hrist=d A HA, ANC/MPA k< o] &3t b E&S A4Fskal NAPP = 1
< V1L E AT B2 Ve A e s &3
NAPP} NAG pH ak—% 23}t BREe EA|
o] F 7IA W FAE FS AT HH sERC xRN AR
gl A NAES BolstAl ERD  ATHEFig 3.2). o714 o] B8R
93] ZAF+= AlE= Non-Acid Forming(NAF), Potentially Acid Forming(PAF),
Uncertain(UO)¥ #2& 3F/4 BFE &7dTh

Sample Preparation Basic Screening Tools Categorise Sample

|
]
1
|
— | :
Tailings or |
Waste Rock r—{ ANCTest — H 1 &
Sampie |
1
I
: No Yes
i
i

Crushing and

Fig. 3.2 Flow Chart showing ARD screening tests, decision nodes and ARD
rock type categories (Smart et al., 2002)
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324 BgEd1Y 38459 %7t

Bgedas B4 2 b BALS ANSEL, BHsdad FI5Ee
B7hs] s o) A BYFMPAISEH 4 FHFANOS| BANL ol §3hsit.
A7, MPASA 3 FeH%)o| td E T H,50, S CaCO,0.2 BAFoZ 1}
Fol 4 @S} ol WHEAT

100.09 (CaCOy ¥-A13)

98.08 (H,SO, ¥-A+=F) @

MPA (kg CaCO, /t) =Total S(%)x30.6 %

3 AEANS A5l
E 7 31.23 kgo 2 AXE AT ANC] A4to] a7 E
MEQL C g 5002 MHEORA uCo0 oo WH3I CaCOo,
%ﬁ}%*—% 1EoR Agstel AP FAYA AN E TS 2ol
ke

A @ RE Fo] FANOR PR § Fao] 1%2
o

Al

S : MS-25

CaCO;: MS-25

Fig. 3.3 Relations between S and MS-25
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ShA171= NAG pH dd= Aystla, =7] pHell 43t 5F<SH1E 0.02
s @92 H7bste] ke RS AARUA pH 7

o] EEeae] F AriEe et e e® ol ARE & dEH %)=

T3 125 g Wel = = F & (g)a Tetal EEH I AU @] B

& ANToZN ot NE W 1% & FFl wE EFeA e HUHE v

E(%)s A=A

3.25 WigdAr|E 2 B

Al 371 ool HsLet T3 - ARAAYE AT HHET EFHE Lot

Bag PEAE AASA A 37 olge /FoR BFsa E
2 0 10%, 20%2 BASHKOH, F3- DAL 2tzke] F ol hated
AelipAel 2 dgstel & 6 7kA W EFvscl b MEEAE Qs

el &
Rk Enl ol gk 7H%*E-°/] 71249 =4
ANg A3t =2 FAHKEC)Y] 1&EE=
g HqRE %%?‘ﬂoiﬂr(Table 35). F7t=2 NFEY] A 2SS A
ST EFHES AEFSEA A 37] o1 =
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24 BT RaE, A4 1HY 5eHd EPWEL =2t A
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Table. 3.5 Material standard of road bed filled up ground(KEC, 2017)

T o8 o4
P E dure
Hj x|+ mm 600 o]} 300 o]}
44 CBR % - 2.5 o)A
5 mmA| F3H-& % - -
/\/Ka] x] ./_": % — -
B gHA| % - -
el skza gy % - -
AR R % - -
o3 = 15 54 cm 60 ols}t 30 olst
EREIREE - - A B 3
A 9% 4 90 °]X
AL E Aaid= (Dr) % 70 o]% -
Az C 2
FEAS (C) | - g
SIR=RC vy 2y Cu >
=& (C) - 1<(, <3 -
AP s cm 0.125 0.25
R R ARGAL (K | M4 200 o1 150 o]
)3
A& AW E sk cm 0.125 0.125
4 AAgAs (K | MN4| 200 o4 100 o) 4
AATA 50% vigt,  AxU= 15t/m’ Z3}

HAEA S dutr]&

24 3HA 25% W
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33 % Ad

331 AETEA AA

ERE
Boln, oF FA = 30 cm o= AlFstAh Al 371 Ol%}ﬂr Edsd1E
TN Z Tt 7} FAste = Table 3.63 o] F&Hlo Hjdzd
AsHS UHFo=Z2H AFn2 gilste] &8st WHs astdth AH
Hlo gt EFFHOE AHAS o] &3 Ns Eg& AABsA=, ol 4
AlMAE e FRRAY AHS 23 YonE APsrn Busa
=8
Table 3.6 Calculation method of mixing ratio
Weight ratio | Volume ratio Field
Case )
(%) (%) volume ratio
Mudstone (100%) 0 0 1:0
Mudstone (90%) + MS-25 (10%) 10 6.52 13:1
7 P BERwoR BRSO AT AFA TR HHATL
o2 /N AFstRTh AARA TS A i EAEAR Al 37] okl HEE
N1E st F3 - IRAE A Algs o, AFAY S
ARl A S AT F FAE PR AFEIeH, A% HAEFERAE
AFstel F3A FYNFL WYY Ao A Ak AHH TR E
EZAA Al 37] olts AEAY SAHERE AREStZ] Aol F3) - Z'RA A
gt MFRE FE HESH] AT 7oz AAHATHFG. 3.4

_42_

Collection @ kmou



27U ERE

oA ERT

Y )
NN S A

ARFRIRZ
(L=5.0m) 3

S ez
11.5m
A 4 Cap 232|E
LR ‘\ AEATEN L .i y éﬂxi AJE
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Fig. 3.4 Detail drawing of banking structure field test (Cha et al., 2018)
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333 AETRA ZUEH AZ A2 H

BAETFEAY FIHE w3t FolE syl fs| AlZ717] pH meter,
Settlement meter, TDRE A X|s}A Tt 2zt 3o AAPH i %3 %=
2 A9 pH meter(CSIM 11, Campbel)= Z2A Al A 73HE =359
2D Al Al AT S FQEH o, Settlement meter(SDT-A, ZISE A g
TRbel getiel dAgemn WY 3l FHstde SAsHA . TDR(Trime-Pico
64, IMKO)2 HETFZA 4 - a5l X8t g Wstel T s
25 wotatdohFig. 3.5). F712 Data Acquisition System(DAS)S A x]&}e] A
Z A5 AN AR F #YE 7t EE 755 thFig. 3.6).
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DAS

AU Ul e,
|« = > | —>| < 7 d
Pre-processing Post-processing Temporary-stacking
section section section

Fig. 3.5 Detail drawing of field monitoring system

KIGAM “ua 2ue

R W T RN

TDR BF =

@ 2eaimm] (T TORI%]
(B PHAHAIPH]

Fig. 3.6 Field monitoring system program
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334 AFHYTL 38+ TRA 7Y
AFEA T AFol R HETRANA Agusrt BT ASF o
gatel Foh- mEA FUNFL T FHHY Ao FYA FUARE
AEs7] 9@ prolth. F8 - ZHA FYAT AW P S E 115
Zol 5m, ol 25 m, AA 1: 15 FRolm, AF ANE AFAYTL 40
ozRE 07 m ofelel ANT Aol AF W) HEHE TN HYB
£ =Yg ol §3AYL, 1 m FAOE F 5FL ATHAL o

e d
T A7Ae 85 mmolr, WEF AAE 0~ 5 2 A FHA FYR

‘ - /|
¥ol72 ERE L= sun "g
e O OYE T .. @ &R
o (L=5.0m)

o
ab

2.5m

0.5m

7ol 2
11.5m

Fig. 3.7 Detail drawing of neutralizing and coating agent injection test
(DMCM, 2019)
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o Z & ton) T2 W
gstath. TFoE WS gl AUAIRAA AP A FES T3
5H1e BRUEE AS Axgo g2 SAHEE AN s a8t AFE
A T1E Woll A8k Al 37] ol¢te] HEE HAT o]l @ WA
T FHton)& AT

YA FAF AHOT MM B AAY Brhe
- &3 Al 371 ool F FF UF B
EF9| kg NaHOO,/DE BAF3te] 304 AL F0e Adstact A%

g, &% Aol Td=s da 429 Ao 588%F°] 5 tone= A TH
et ol & sty AT T3kl AP BF (e ALt T3 - ZRA FYA
]
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A4 I 24 R 1

4.1 AAIE 23

411 o]¢e] A=EFS €4 £4

D d=E

i

o)A A dx B 7)(Mastersizer 3000)E o] &3+ A 37] o]Yde] YT EA
AP Fig 417 zow, 2AF < MESZ Jehyo] Table 4.16] Aels}
Ath Fig. 425 A 37] 019 AAHERFHOZ ehd A3z HED 50%
o), HEA 20% olstz =A4H Foz HEH =Sty loam)ez EFEATH

L

s

—R1

SR L

—R3

Volume Demsity (36)

uuuuuu

Size Classes (um)

Fig. 4.1 Results graph of particle size analysis
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Table 4.1 Measurement results of particle size analysis

Sample Clay Silt Sand Gravel
g %) %) %) %)
EN-R1 17.26 79.71 3.01 0.00
EN-R2 19.27 77.75 2.98 0.00
EN-R3 20.06 77.10 2.80 0.00
EN-R4 20.43 78.23 1.32 0.00
- Clay : < 2 mm
- Silt : 2 ~ 50um

- Sand : 50 ~ 2000 um
- Gravel : > 2000 um

1004 CLAY

PERCENT SAND

Fig. 4.2 Soil texture triangle
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A7V NE& AAste A 37] o] JEFEFAS Fig 4.37% 2o &4
stRlem, #5AF(C)e FEAF(C)E 60% °lste] TATHREES & -+
Aol AF S A=A Esoh Al @ o199 Al 37] ol A4TA
(LD), &A8FJAIPLE E2FAF AEA vt 7]Ed FA3sdon, vS(G)

< 2.551% 4F=E o] Table 4.20] YeElHATE Fo &7+ Table 4.39 T
HUSCS) 71&<€ ol&3lon, CHYEFAEl & HE)E E/RFAT
Table 4.2 Physical characteristics of the mudstone
Sieve Percent of passing weight (%)
(mm) < 4.75 < 2.00 <0845 | €0425 | €0.250 | <€ 0.075 | < 0.005
97.6 96.7 95.7 94.8 94.1 934 58.2
LL PL
EN-R G, e C US.CS
‘ . (%) (%)
2.551 = = 66.6 41.7 CH
1 « N

Fig. 4.3 Grain-size distribution curve
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Table 4.3 Soil classification chart(ASTM, 2000)

. L Group Group
Soil Classification
Symbol Name
(G)ravel Clean Gravels C > 4,1< C. < 3 GW Well-graded gravel
More than 50 % Less than 5 % fines Not satisfied of above criteria GP Poorly graded gravel
COARSE-GRAINED of ' Gravels with Fines Fines classify as ML or MH GM Silty gravel
SOLLS coarse fraction
retained on More than 12 % fines Fines classify as CL or CH GC Clayey gravel
No. 4 sieve
More t'han 50 % (S)and Clean Sands C > 6,1< C< 3 SW Well-graded sand
retained 'on 50 % or more of Less than 5 % fines Not satisfied of above criteria SP Poorly graded sand
No. 200 sieve coarse fraction Sands with Fines Fines classify as ML or MH SM Silty sand
passes No. 4 : . .
sieve More than 12 % fines Fines classify as CL or CH SC Clayey sand
(S)ilts and ' : PI > 7 and plots on or CL Lean clay
FINE-GRAINED (C)lays TR fllyp™ A" 1ne
L PI < 4 and plots below “A” line ML Silt
SOILS Liquid limit - . -
orgaric Liquid limit - oven dried < 0.75 OL Organic clay
less than 50 g Liquid limit - not dried Organic silt
50 % or more passes (Silts and inorganic P1 plots on or above “A” line CH Fat clay
the (C)lays P1I plots below “A” line MH Elastic silt
No. 200 seive Liquid Timit ' Liquid limit - oven dried < 0.75 Organic clay
organic . ) OH o
50 or more Liquid limit - not dried Organic silt
HIGHLY ORGANIC SOILS ‘ Primarily organic matter, dark in color, and organic odor PT Peat
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Q) XA FFEH

XRF #£4<5 & A 37] ojhel st 33 2= Table 449 2
o FE S0, A&l o 60%= 7Hd ol E3Hol glon, ggo® ALO
Fe,0, o2 Agu B4 JHAA80] & AtstEo] Bo] EAs:s AL
eyttt A 2o A 37] o|gtolgtE ABES AFHI AHmT GO I
Ues Aog BAEL

Table 4.4 XRF analysis results

Component EN-R1 EN-R2 EN-R3 EN-R4
Si O, 63.79 62.30 61.37 62.87
Al, O, 12.86 11.83 13.55 13.91
Fe, O, 5.38 4.88 5.12 5.60
CaO 1.95 4.38 3.10 1.34
MgO 1.40 1.29 1.43 1.53
K,0 22) 2.12 1.81 2.26 2.35
Na,O 1.05 0.87 1.37 1.17
Ti O, 0.55 0.47 0.58 0.61
MnO 0.16 0.15 0.14 0.12
P,0; 0.09 0.21 0.11 0.10
Igloss 10.05 10.92 10.30 9.92
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Fig. 4.4 X-ray diffraction patterns of mudstone(EN-R1)
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Fig. 4.5 X-ray diffraction patterns of mudstone(EN-R2)
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Fig. 4.6 X-ray diffraction patterns of mudstone(EN-R3)
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Table 4.5 Analysis results of pH, EC in distilled water conditions

Sample Temp. H EC
g ©) g (ms/cm)
EN-R1 6.93 1.81
EN-R2 7.40 1.72
26.5
EN-R3 7.25 1.51
EN-R4 4.09 2.32
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Table 4.6 Cation analysis result of mudstone

Al As Ca Cd Co Cr Cu Fe K Mg Mn Na Ni Pb Si /n
Sample
mg/L (ppm)
EN-R1 61.74 - 22.09 | 0.01 | 0.04 | 0.10 | 0.11 | 85.15| 10.25 | 1843 | 3.66 | 1.54 | 0.15 | 0.14 | 0.96 | 0.58
EN-R2 62.79 - 49.17 - 0.03 | 0.08 | 0.09 H 69.43 | 844 | 1507 | 2.68 | 1.46 | 0.12 | 0.09 | 1.03 | 0.40
EN-R3 56.98 | 0.01 | 36.58 | 0.01 | 0.04 | 0.07 | 0.11 | 76.43 | 8.29 | 16.49 | 2.68 | 1.32 | 0.14 | 0.11 | 0.98 | 0.51
EN-R4 62.22 | 0.01 | 20.76 - 0.014 | 0.10 | 0.11 | 80.97 | 10.35| 18.29 | 2.39 | 1.36 | 0.16 | 0.15 | 1.18 | 0.52
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Table 4.7 Anion analysis result of mudstone

Sample F- a NO, B | PO}” | NO; | SO}~
mg/L (ppm)
EN-R1 0.22 0.72 - 0.47 - 0.97 | 495.10
EN-R2 0.56 0.74 - 1.35 - 121 | 577.00
EN-R3 0.30 0.92 - 0.62 - 224 | 601.30
EN-R4 0.23 1.06 - - - 0.89 | 512.80
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Table 4.8 Elemental analysis result of mudstone

Sample “E?]i})lt 5 i = N >
EN-R1 28.3 0.7920 23.8662 1.2313 2.7661
EN-R2 59.1 0.2701 3.8695 0.9629 0.9923
EN-R3 66.2 0.2704 3.4086 0.9610 1.2679
EN-R4 60.7 0.2839 3.3652 1.0568 1.6735
(2) ANC test
olgt NE We 74 FEo] AAHCE T3S + v &S AFT 2
£ Table 4.99] YeERAT} Fizz ratinge 2+ AlSE GuCO, FE2 &4 o
E & 4+ d= A¥ge=Z EN-R2, EN-R3= 8% HAS} wH&slo] 7|27 &yitst
A @S o, EN-R1, EN-R4= H1S-S §9to 2 2AHE 4+ Q= Aoz
Ebtth 2E ©Ale] ANC 43S A% A3 EN-R2, EN-R3& &9 H+ 53

kgol H,S0,2 %33 4 9o, EN-R], EN-R4:= B9 HF 17 kgo| H,S0,

T——r: 'E“D:]’Q T )\}\q‘— g-"]'g t‘_E ‘/l: )\}\O-]q rﬂ"j’]’k] ANC r—_] gj”]"%‘ EEHE
o]t AlZOA AbAEjF7E FLI oz WAIS A $ol= EN-R1, EN-R4

AGoA B &2 S3AVE 272 Jo= dddAn
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Table 4.9 ANC test result of mudstone

o
AL HAY 5

Table 4.10 NAG pH test result of mudstone

EN-R1, EN-R3, EN-R2 =02 <
A ZE ol AESE AH 7
= AT

A o] e

Pl 5

-

A

PRt

Sample. | T Vol | pH Naojivrol o
rating | M M (kg H,SO,/t)
(mL) (mL)
EN-R1 0 0.5 4 2.6 0.1 11.15 21.45
EN-R2 2 0.5 20 14 0.5 15.2 61.70
EN-R3 2 0.5 20 1.5 0.5 16.5 45.97
EN-R4 0 0.5 4 2.3 0.1 14.45 13.36
- M : Molarity
- Vol : Titrate volume
(3) NAG pH
ol AN U EAEt:E F3BES FARE AFAA AFE & A DAFS
Table 4.107} 2t} & 4F dAFo] =&55 4l DA Aol &2 A
22 B9E 5 e, 24 47S 29 EN-R49 NAG ghol 74 =7 ust

A7} vebsi ot
2 Aol thehte
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i NAG
Sample We(ght NAG pH mratézagj (mL) | (kg Hy,SO,/t)
EN-R1 1.2507 2.65 6.9 27.03
EN-R2 1.2505 3.91 0.8 2.94
EN-R3 1.2524 2.95 3.6 13.89
EN-R4 1.249% 2.48 9.6 37.64
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Table 4.11 The results of acid base accounting test of the mudstone
Sample MPA NAPP ANC NAG Geo@gmi@l
(kg H,SO,/t) | (MPA-ANC) MPA | NAPP | Cclassification
EN-R1 84.64 63.19 0.25 0.43 PAF
EN-R2 30.36 -31.34 2.03 -0.09 UC
EN-R3 38.80 -7.18 1.19 -1.93 UC
EN-R4 51.21 37.85 0.26 0.99 PAF

_61_

Collection @ kmou



150.0

= 1000
g NAPP > 1
T
500
NAPP<1
EN-R1
L
0.0
0.0 20,0 40.0 60.0 B0O.O 100.0
MPA (kg HzS04 /1)
Fig. 4.8 Safety factor graph from ANC/MPA
10
9
8
, NAF uc
[
i
g 5
S
4 EMN-R2 -
3 N2 = i EN-R1
; L ]
2
. uc PAF
a
-100 -80 -60 -40 -20 0 20 40 60 80

NAPP (kg H;S04/t)

Fig. 4.9 Geochemical classification plot

_62_

Collection @ kmou

100



Folgte) AHIS BASE A%

]
“

4.14 HE 9

A3 B A EN-R19 F48 tizx

=B

Fig. 41002 Yehpch A4

L —
)

bl wrotx

d 5

EN-R2+= 150

sl

™
)

o

o2 et EN-R3 94 4F F3}

I tizae] pH7F HAF SWobAE @ogo] HolBg && pH

o2 Asdt. EN-R4i= 4+ 53

—

Q)
ol

ol

o & & TAF] M

AHA2RE pHE FA3H

o]%FH pH 3 A==

Q]
=

k<3l
=

= d@e] Holed, =y vusjrd IH

S

sfet

] =]
= ig=

¥ pH7}

oMl=!
53

Ed=z Al

=
=

o] A

FE

2= [e)
T B 49

1

Q

158 g d3den, AW 4 TAZFMPA] =& A=

(e}

H] a8 &

3ty 7el3 EN-R39} EN-R4Z

Ae B

shehe

B0

Al A= 7t

ol

bo] BorslE Ao 4 S

S|

5%

ABA test=

A

ol

ol
(MPA)RT} 4 F3HANC)o] AHAd v dhay o 2

493

]

(o]

é—l_

Bt} ®

ol
AT

o

ezt

27 dAst= Aol

_63_

Collection @ kmou



85

8.0

75

pH

70

6.5

6.0

85

8o

i

pH

7.0

6.5

6.0

EN-R1

.
I
‘.'!‘-...__
Y
LY aml
= e 1 |
- i 3 1]

0 20 40 60 a0 100 120 140 160

Time (day)
EN-R3
‘ ~——

—
% =0l

"'s-..._ il ]

e il

a 20 40 60 20 100 120 140 160
Time (Day)

pH

8.5

8.0

75

7.0

6.5

6.0

g0

70

6.0

5.0

4.0

30

20

EN-R2

Fig. 4.10 Changing pH of acid rock by rainwater
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Table 4.12 Grain-size distribution of the MS-25

Sieve Percent of passing weight (%)
(mm) < 26.5 < 19.0 <95 <475 | <236 <118 | <0075
100 98.4 317 4.4 2.6 2.1 0.5
= PL
_ G, C, @, US.C.S
MS-25 ‘ G %) %)
2.551 2.17 0.24 NP NP GP

- NP : Not-Plastic

Table 4.13 XRF analysis results of the MS-25

18.05 4.76 31.90 35.18 4.39 0.13
MS-25 Na, O Ti O, MnO P,0, Igloss
0.11 0.54 2.01 1.48 -4.27
- 65 -

Collection @ kmou



counts/s

250+
200
150

100

50

04—

10 20 30 40 50

2Thet
79-2423 Melilite - synthetic | e A Ca2 (Mgo.4n10.5)(si1lsAid.s0h (| | |1 | | | -
06-0615 !\feys_tlt_e_ syn —_— .
71-0881 Fluorapatite | T T Sl RV CaﬂF“O‘H.ﬁF I 1] | ITT T I
34-0098 Kirschsteinite, syn LA T T [ [ChFeloa LI TIT [T ITTT I [T [

19-0629 Magnetite, syn FeFe204

Fig. 4.11 X-ray diffraction patterns of the MS-25
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Table 4.14 Cation analysis result of the MS-25
Al As Ca Cd Co Cr Cu Fe
Sample
mg/L (ppm)
8.75 - 60.50 - - 0.35 - 65.09
K Mg Mn Na Ni Pb Si Zn
MS-25
mg/L (ppm)
0.41 7.05 4.17 0.27 - - - -
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Table 4.15 Correlation of material

ANC Correlation (%)
Sample
(kg CaCO5/t) | S : CaCO, CaCO; = MS-25 S : MS-25
CuCO, 1000.0
1:3.125 1:0.694 1:45
MS-25 693.9
Table 4.16 Required MS-25 rate by sulfur
S MS-25 Aver. MS-25
Sample
(%)
EN-R1 2.7661 12.45
EN-R2 0.9923 4.47
7.54
EN-R3 1.2679 5.71
EN-R4 1.6735 7.53

Z3sgS Fsty] 9% g2 Ay Wy E NAG pHE AAIE od Als
of Be&L1E Fr1HoE nHE HE AF A= Table 4173 2ok =4
#e agz2 A e Fig. 4128 YA BE A8V} pH 72 F357]1714
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Table 4.17 Required MS-25 amount by sulfur
Weight | Initial S (g Aver. MS-25 (g) Aver.
Sample . .
(@ pH in weight S (g to pH 7 | MS-25 (g
EN-R1 1.2503 2.83 0.036 0.196
EN-R2 1.2511 3.99 0.012 0.104
0.021 0.161
EN-R3 1.2517 3.13 0.016 0.148
EN-R4 1.2514 2.56 0.021 0.196

10

1] 0.02

004

0.06 0.08 01 012 0.14

MS-25 amount (g)

0.16 0.18 02 0.22

Fig. 4.12 Changing pH by addition of MS-25

_68_

Collection @ kmou

024




4.16 AZFAE o] &3 WA 44
D =44 2

Al 37] olell B¥&e 1 FI - ARAY HES B2 2Ho0R EFEY
gt AE AT =4AFE Ade Table 4183 2ok BlS(G)S WidE 2
o|7b A YehdA ko, A - 2ARAAAGAA oY 100%2] FFE= A4
FAILL) 66.6%, 2AFIFAPD 4L7%2 1EE2 AHAS F2D7]22016)2] A
EA 9W7)FQ LL<50, PI<K258 %ZFaA] Eatgon, b2 TFE 79
2 0 B AR 230 AfetA 7] WEel WAYNPE #A

o SUERFHUSCN AT &7 Ades SHT FF 0%, 10%L 45 4=
CHE ERser a1 FF 20%9 Avde H=D 2
Atk Aizow < @%}‘01 7t uﬂri‘r ool A&FL
A JE7F BE FAY BEAR = ZoR f4qE o Ao

l

)
o
u
S
= (T
K

Table 4.18 Results of physical test on samples with different mixtures

No. Case G, g Fl U.S.CS
(%) (%)

1 EN-R (100%) 2.688 66.6 41.7 CH
2 EN-R (100%) + NCA 2.691 NP NP CH
3 EN-R (90%) + MS-25 (10%) 2.686 NP NP CH
4 EN-R (90%) + MS-25 (10%) + NCA 2.679 NP NP CH
) EN-R (80%) + MS-25 (20%) 2.672 NP NP SC

6 EN-R (80%) + MS-25 (20%) + NCA 2.674 NP NP SC

- EN-R : Mudstone.
- MS-25 : Complex mill slag.

- NCA : Neutralizing and Coating Agent
- NP : Non-Plastic
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Table 4.19 Results of mechanical test on samples with different mixtures

No. Case bz OM.C &
(t/m?) (kPa)
1 EN-R (100%) 1.440 23.7 972.8
2 EN-R (100%) + NA 1.478 22.7 632.5
3 EN-R (90%) + MS-25 (10%) 1.472 22.3 547.8
4 EN-R (90%) + MS-25 (10%) + NA 1.534 19.6 564.3
5 EN-R (80%) + MS-25 (20%) 1.580 18.7 449.7
6 EN-R (80%) + MS-25 (20%) + NA 1.647 18.3 668.1
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Fig. 4.13 Results graph of compaction test on samples with different mixtures
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Fig. 4.14 Overall results of mechanical test
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Table 4.20 Correlation ratio of S : MS-25

Weight ratio Volume ratio Final ratio Safety factor ratio
Sample (@ (%)

S @ MS-25 S : MS-25 S* LM8-25 S @ MS-25
EN-R1
EN-R2

1 7.67 1 7.54 1 7.61 1 9.89
EN-R3
EN-R4
AZHoz oty . 5oty EAS BT 2EAQ B ol SHEFS U

2 28T

o=H A 37] oldtell HREWAE HaFoE A&t AAZFH
AE WA A No. 40 90% + BFE 1

%
_/":
ANE HETEA FAAZDCE HF Adsart
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Fig. 4.15 Cross section and construction flowchart of banking structure
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1. Section separation by wooden plate 5. Field density test
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6. Plate load test
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7. Monitoring measure
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4, -_I'Banking and vibratién- .compactr' 8.Cnstruction completed

Fig. 4.16 Photos of construction processes of banking structure
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Table 4.21 Results of field density test

Pre-processing section
Field test Laboratory test Relative
Level .
m w Y4 OM.C Yd max compaction
(%) (t/n) (%) (t/nd) (%)
1.3 19.9 1.453 94.7
1.9 20.0 1.477 19.6 1.534 96.3
2.5 20.5 1.421 92.6
Post-processing section
Field test Laboratory test Relative
Level .
m A Y4 OM.C Vi max compaction
(%) (t/m) (%) (t/nd) (%)
0.6 29.5 1.302 90.4
1.2 25.9 1.306 90.7
23.7 1.440
1.8 27.6 1.309 90.9
2.5 20.6 1.394 96.8
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Fig. 4.17 Relative compaction graph by section
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Table 4.22 Results of plate bearing test
Subgrade reaction modulus
Case level | Settlement | Load strength P Standard K
(m) (cm) (KN/nd) 0 0
(MN/ni)
Pre-processing 1.3 432 172.8
section 1.9 0.95 565 226.0 S 150
Post-processin,
P . & 1.2 690 276.0
section
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Fig. 4.18 Measurement results graph of plate bearing test
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Table 4.23 Results of triaxial permeability coefficient test
Pre-processing Post-processing Temporary-stacking
Case section section section
(cm/sec)
Coefficient of e 3.24x10°4 2.64x10°°
permeapility 21x10°° 3.3x10 ¢ 2.43%10°°
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Fig. 4.19 Measurement results of pH from banking structure
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Fig. 4.22 Measurement results of settlement from banking structure
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Fig. 4.23 Measurement results of pH from pre-processing section
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4.4.2 AFHE73L

3} - IRA FUFS St BHS Table 4.249F 2ok AFEA ] F1H] A A
= THLE sty o]k F FE AYFS 67 tonez2 AAHALH, T
Foll met FAgol X H= FEA Z'-A Y FFS A4 268 kg, 67 kg
2 AT & FAEFS FF0 &89 AR &3 5 tonew AAHH
o Wt HF FUdgol e T3 - Z-A == 5.4%, 1.3%7F HAT AET
zAE 7€ E2Y AxFxEE AAsta, A4E 3 A8 2 A AEe
TstA Fig. 4.249} o) T3 - IA”A R FAATS AU

Table 4.24 Calculation of neutralizing and coating agent injection amount in

post-processing section

Weight calculation to neutralize of
post-processing section

Amount of neutralizing and coating
agent

Total volume = 93.8 m

S 1% : NaHCO, 2.62%

Consideration factors

Consideration factors

Unit weight Porosity
1.3 t/nd 45%

Reaction formula Addition of
1:2 0.1% K,HPO,

Conversion weight = 67 ton

Injuction volume =
0.4% kg NaHCO,/t, 0.1% kg K,HPO,/t

Final calculated value

In the case of 67 ton ,

0.4% NaHCO; = 268 kg
0.1% K,HPO, = 67 kg

Amount of Water injection = 5 ton, NaHCO; = 54%, K,HPO, = 1.3%

Collection @ kmou
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1. Horizontal perforation

6. Water taﬁk installation

4. Inserting the drain pipe 8. Neutralizing & Coating agt njection

Fig. 4.24 Photos from neutralizing and coating agent injection test of

post-processing section
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Table 4.25 Measurement results of pH from post-processing section

D @ ) @ ®
Section
No. pH No. pH No. pH No. pH No. pH
_ . P3-1 | 6.18 | P4-1 | 7.17
P1-1 | 3.74 | P2-1 | 7.79 bt | 754
P1-2 | 522 | P22 | 5.23 | F32| 740 | P42 | 630
P3-3 | 6.99 | P4-3 | 433 | p5-2 | 6.24
Measuring | P13 | 510 | P2-3 | 6.79
. P3-4 | 6.40 | P4-4 | 4.37
poin Pl1-4 | 549 | P2-4 | 7.01
P3-5 | 6.55 || P4-5 | 6.13 | Po-3 | 6.96
P1-5 | 341 | P25 | 712 [ oo e | 410 | pacs | 473
P16 | 2.95 | P2-6 | 510 | p3-7 | 585 | pa—7 | 321 | |
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Fig. 4.25 pH measurement graph of post-processing section

Fig. 4.26 pH measurement location of post-processing section
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Fig. 4.27 Removing concrete pavement of temporary-stacking section
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