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summary

The study aims at not only providing physiochemical properties of
volcanic ash obtained from basalt located in Pyoseon-ri, Jeju Island,
Korea, applicable for soil cement as the main material, but also offering
analysis on strength required for its mixing with cement including the
analytical effect of adsorption against heavy metal ions and well-being
characteristics.

The results in this study verified that the pozzolanic material was
categorized into the bad soil showing coarse grain distribution through
the particle size analysis together with poor mechanical compaction for
soil stabilization with high in-situ moisture content(optimum) while
showing the corresponding compaction curve distributed broadly. Namely,
the grain size(sieve) analysis and the liquid limit and plastic limit test
made the aforesaid ash divided into fine grained soil symbolized as
CL-ML(silty and clayed soil) according to Unified Soil Classification
System(USCS), which  coincides A-4 featured by  non- or
moderately—plastic silty soil according to the AASHTO system.

Meanwhile, the compression and flexural(bending) strength test for test
pieces by mix design demonstrated that the Pyoseon-ri ash be
moderately applicable for constructional purposes, being more superior in
compression property than decomposed granite and vyellow earth.
Furthermore, it was proven excellent at heavy metal adsorption and
deodorization with strong emission of far infrared rays. In consequence,
the basaltic-origin volcanic ash found in Pyoseon-ri, Jeju Island, when
applicable to the soil-cement material, is likely to generate the natural
tawny color due to its dying capability and no occurrence of rapid drop
in strength, which renders good possibility for applications to

environment—friendly soil cement if properly designed for composition.
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= Hd 60F o)l gate Aol Utk AAo] 32mn o]FolHA o= HE F
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4mm o] 8te] AJHE 3HAFA(volcanic ash), 1/4mm ©]&Fe] 7}+& 3}k (volcanic
dust)oletar FeH(g 3], 1993).

T3 v 5(2000)2 FAHHEE F 2~64mE 32HY, 1/16mE A, 1/16
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Table. 2.1 Granulometric classification of pyroclasts (Sohn, 1988)

Clast
Non-volcanic¢ Pyroclastie
mm [0)
256 =) Boulder Coarse block
64 -6 Cobble Fine block
16 L Coarse lapillus
Pebble
4 -2 ] ]
Medium lapillus
Granule Fine lapillus
2 -1
Very coarse sand Coarse ash
Coarse sand
1/2 1 Medium sand
Fine sand Medium ash
1/16 4 Very Fine sand
Silt
1/160] 3} 40]3} Fine ash
Clay
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Table. 2.2 Section shape of basaltic volcanic ash
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Fig. 2.1 Location of sampling in the study area



Fig. 2.2 Geologic map location of sampling in the study area
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Table. 3.1 Chemical composition of basaltic volcanic ash

constituenf ————— Sample _ Contents(%)
SiO, 49.50
ALO, 20.33
70, 2.36
Fe,0, 16.44
MyO 1.37
CaO 0.79
Na,O 0.43
K0 2.15
MhO 0.18
P,0;, 0.39
LOI 6.02
total 99.96

% LO.I ¢ Loss of Ignition
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Fig. 3.1 Chemical component of basaltic volcanic ash
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1.2 SEM &4

AT A8 AFUA sk Ja B GHE AuRy] fste] A=
FAA A 1] A (Field  Emission  Scanning Electron  Microscope, SEM
JSM-6700F JEOL Co.LtdAFls &l #zek Ay <Fig. 3.2>¢ &t 19
oA B A o] stabAle] WL wig- EqfAste g dRA 7]Eo]

SEI 5.0kv X8,000 '1 Kum WD 7.6mm

Fig. 3.2 SEM photogram of basaltic volcanic ash
(X8,000)

L3 e 2H(EHEHEE =4
AT 2] AFaA A s & 29= fl8 dmmolste] StA
9 1gol Ph5~6%1 TFF 26mLE 7Feted 2A17F aik 3 5 4(Cu, Pb, Cd,

Cr) SHraFS B4 (AAS: Atomic Absorption Spectrometer) 3t ow, 1 Ax}

= <Table. 3.2>3 7t}

Table. 3.2 The result according to leaching test of basaltic volcanic ash

Ha Cu Pb Cd Cr
‘=55 (mg/L) 0.0000 0.0000 0.0000 0.0000
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Atomic Absorption Spectrometer) 3t o™, 1 A3}+= <Table. 3.3>3 Tt}

Table. 3.3 The result of heavy metals adsorption of basaltic volcanic ash

H FH5 F1E®)
=
Cu Pb Cd Cr
AF FAE
87 100 89 19
AT A sAA




2. AF FAE ARYA e 2o)A

o
= HollA FH&
<Table. 3.4>° A|A|¥nfe} a1,
2] EAdel

Moz A8

Table. 3.4 Kind and application of physical characteristic tests for soils

(Lee et al.,2001)

Division test type test method test result application KS
.calculate void ratio, degree of
specific .specific gravity of
.pycnometer saturation, unit weight et. F 2308
gravity soil particles
.hydrometer analysis
water .oven dried method .basic characteristics of soil
.water content F 2306
content (105C+57C) .decision sensitivity of soil
.classification of soil
.grain size distribution .compression evaluation of
.sieve analysis curve cohesive soils
particle-size .hydrometer .uniformity coefficient .stability evaluation of F 2302
analysis .curvature coefficient cohesionless soils
fine gained size content .estimate hydraulic conductivity
.design filter
) .stability appraisal of granular soil
Physical
Jdiquid limit, flow index .decision of soils
characte
st Jdiquid limit .plastic limit .evaluate suitability of highway F 2303
ri-stic
test consistency .plastic limits .shrinkage limit subgrade material F 2304
es
.shrinkage limits Jliquidity index .estimate compression index F 2305
.plasticity index .classification of soils
.activity
.sand cone method
.basic characteristics of soil
field density rubber ballon .moist density )
.estimate earth pressure F 2311
test method .dry density o )
.decision degree of compaction
.nuclear method
relative .maximum density .decision degree of compaction
) .mold method = . o . .
density .minimum density .decision liquefaction
.constant head test
hydraulic conductivity .design of permeability soil
seepage falling head test F 2322
of soil .ground water matter
.consolidation test
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Table. 3.5 Liquid and plastic limits test result of basaltic volcanic ash

sample #200 passing rate LL PL PI

73 37.6 30.43 7.17

B Fo) R A 89 F UES No.200A BoF L AaHIA, &
Aol gstel st oo ARAN ol wol: ANY AT T @
A A NHIAT 37.6%2 oRF ES e HEhha gov, 24

F 42 @FdA sHEAel st 5 4S HESIIT A d A
soldl HH U (0.CM) 2 HAWAZREE(rd,, )= <Table. 3.6>°] A s}o]

UeR e, 22 = <Fig. 3.6>° YeERAA

Table. 3.6 Compaction property of basaltic volcanic ash

Sample O0.M.C(%) rd,,. (t/m*)
basaltic volcanic ash 30 1.423
Ay Ay Alg g1A4E dF9A satAe Addzd s 1.423t/m°, F
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Fig. 3.6 Compaction curve of basaltic volcanic ash
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Table. 3.7 FT-IR Spectrometer results of basaltic volcanic ash
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HIALS
ek ( y }g) 0.926
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Table. 3.8 FT-IR Spectrometer results of samples

A5 9] A L] H FAE
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o HEA] % 91
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24223 A9
WA FAAE 2 59 Falvts, oFFHFAEA Y] F3 H AlATH

& 54 BN mEE AFAA@GRID FEEpm s SHE Lhehy

W, AlF 249 @59 st e @& B 235 <Table. 3.9>¢ YER
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Table. 3.9 Deodorization results of basaltic volcanic ash

G5 A E(NH)
Ay s
AYAZHE) | Blanks % (ppm) | Al 5E%(ppm) | & (%)
0 200 200 -
30 194 23 88.1
A A 60 188 17 91.0
90 183 13 92.9
120 178 10 94.4
AR KICMFIR-1085

A& 9] Sk
shakA) % 94.4
IE % 98
Fol(==go}) % 96
= % 97
o 9k A % 97

g3 & AP A7 <Table. 3.9>9 Zom AF mAe AFUA iAo &
HES 94.4%% et B3 g3 &0 3 Aow Al FE, Fol, &
2 0kA S <Table. 3.10>° ERHO] A

N
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Table. 3.11 Particle-size classifications(Braja M. Das, 1998)

Name of Diameter(mm)
organization gravel sand silt clay
MIT >2 2~0.06 0.06~0.002 <0.002
USDA >2 2~0.05 0.05~0.002 <0.002
AASHTO 76.2~2 2~0.075 0.075~0.002 <0.002
Fines
USCS 76.2~4.75 4.75~0.075 (i.e., silts and clays)
<0.075
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Table. 3.12 Unified Soil Classification System , U.S.C.S

Group
Classification Criteria
symbol
passing No.200 sieve<5% Cu>4 d 1<Ca<3 GW
passing No.200 sieve<5% v= :%n & o Gp
passing No.200 sieve>12% not meeting both crlterla'for GW ey
passing No.200 sieve>12% Fjo% or plot below A-hine c;c
Gravelly | passing No.200 sieve>12% PI27 and plot above A-line
soil < 200 silh <R5 fall in "CL-ML"marked area GC-GC
PPN seg 3% meets the criteria for GW and GM | GW-GM
5 < passing No.200 sieve <12% | meets the criteria for GW and GC | GW-GC
5 < passing No.200 sieve < 12% | meets the criteria for GP and GM GP-GM
iteri GP-GC
5 < passing No.200 sieve < 12% meets the criteria for GP and GC
Coarse
grained passing No.200 sieve<5% Cu=6 and 1<Cg<3 SW
il . )
SOIOS passing No.200 sieve<5% not meeting both criteria for SW SP
"l passing No.200 sieve>12% PI<4 or plot below A-line SM
passing No.200 sieve>12% PI>7 and plot above A-line SC
passing No.200 sieve>12% fall in "CL-ML"marked area SC-SM
5 < passing No.200 sieve < 12% | meets the criteria for SW and SM SW-SM
Sandy plot below A-line
il 5 iteri SW=SC
S01 5 S & NoI200 sievess 12% meets the criteria for SW and SC
plot below A-line
meets the criteria for SP and SM | SP-SM
5 < passing No.200 sieve < 12%
plot below A-line . SP-SC
meets the criteria for SP and SC
5 < passing No0.200 sieve < 12%
plot below A-line
| ) PI<4 or plot below A-line ML
no;gamc LL<50% | PI>7 and plot below A-line CL
ine
. 4 <PI<7, fall in "CL-ML" marked area of plasticity chart CL-ML
grained
soils - plot below A-line of plasticity chart MH
F>50% | LL=50% plot above A-line of plasticity chart CH
Organic | 1 <509 OL
Fine .
grained LL—ovendried <075
soils LL—otdried
> OH
P> LL =50%

¥F: passing though the No. 200 sieve(%)



Table. 3.13 USCS of basaltic volcanic ash

Sample #200 passing and classification of soil USCS

basaltic volcanic
73% F.S CL-ML

ash

<Table. 3.13>°] HoJx|i= nje} o] A5 wAle AFUA iAo TdE
Tl og FECEE AET 61%0) FEL FE B AEAS YERlE Al
HEE 73%4 dth =3, R ZHEE 2792 A4 &2 H|5& AA3)
3 on dEdEre] Be wd HER HE(CL-ML)Y dHS yYehha g

o

@ AASHTO®-7F¥

AR A& Qe AASHTO EF9HL <Table. 3.14>¢] YERRITE o] W
Hol| 93}, A-15E A-77kA 7719 F8 aFo= AEEE=d, A-1, A-2,
A-3 53] F& No.200A F33Fo] 35% o]&tQl AR Eolal, No.2004 %
HeFo] 35% o]l F2 tiFEo] HES HE FHS FOE A-4, A-5, A-6,
A-7 e £33 dA A7) g T V|2 75mmAE T8 2mm
Aol F= &= AZolg st 2mmA|E F¥slal 0.075mmNo.200A) A &
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Table. 3.14 Classification of Highway Subgrade Materials

General classification

General materials

A-1-a A-2
Group classification A-3

A-1-a | A-1-b A-2-4 A-2-5 A-2-6 A-2-7
Sieve analysis
percent passing
No.10 50max
No.40 30max | 50max 51min
No.200 15max | 25max 10max 35max 35max 35max 35max
Characteristics of
Fraction passing No.4
Liquid limit 40max 41max 40max 4 1min
Plasticity index 6max NP 10max 10max 11min 11min
Usual type of significant | Stone fragments, | Fine

Silty or clayey gravel and sand

constituent materials gravel, and sand sand

General subgrade rating

Excellent to good

General classification

Silt-clay materials (more than 35% of total sample passing No.200)

A-7
e . b
Group classification A-4 =5 A-6 A-7-5
A-7-6"
Sieve analysis
percent passing
No.10
36min 36min 36min 36min
No.40
No.200
Characteristics of
Fraction passing No.4
Liquid limit 40max 41min 40max 41min
Plasticity index 10max 10max 11min 11min
Usual type of significant
silty soils Clayey soils
constituent materials

General subgrade rating

Fair to poor

“For A-7-5, PI<<LL-30, bFor A-7-6, PI>LL-30, NP : Non-Plastic




Table. 3.15 ASSHTO classification of volcanic ash

#200passing
Sample LL PI AASHTO
rate
basaltic volcanic ash 73% 37.6% 7.17 A-4

<4

FHY AR FEHE No.200A T3 - AAeHA - 2dAFE o] &3}

o ASSHTO #¥Hel el AF= dFIA Qs &73 23= <Table.

3.15>%} 3Fo] No.200A &3] 73%, Nd3HA 7 37.

HAEAA-49Z2 S Jetidrr. =3k AF 48 d59A sk 4
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Fig. 4.4 Photograph of flexural Fig. 4.5 The specimen for flexural

strength test strength with aggregate

1.3 t=5de 9 4% dd4d+
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1.3.1 7] wign]e] A4
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AES %7] W/CHIE AAst7] st Ao wha A3S Fstqom

FHE <Table. 4.1>9} Zo] YehfArt.

Table. 4.1 Mix proportion ratio of soil cement(1)

Sample No. W/C S/C

A-1 1 =8 2.00

%7] W/CH] 1.12¢] 8t I&=A 5= <Fig. 4.6>3 2L A7E Yo
ZAA Y AE 289 A== 16MPaZ AQEAE 12MPaktl ¢F 4MPa
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1.3.2 %7] wigd]o] & W/Cel e A4

SollNHIES A% A& 45 W/CHIS H9E dAsts A2 AlaAde] He
slo] ojeWe] W HES F8dtglon <Table. 4.2>¢ o] YEAUTT H)
)y rEAE 2 ARTE At AQUEE WEER AFS Bl

eFol 1 gkt

Table. 4.2 Mix proportion ratio of soil cement(2)

Sample No. W/C NI
b-1 1.00 2.00
b-2 1.04 2.00
b-3 1.08 2.00
b-4 1.12 2.00
b-5 1.16 2.00
b-6 1.20 2.00
b-=7 1.24 2.00

Z27] W/CH] 1.12&5 7lso= W/CH ¢ HHE 1.00~1.247H4 S7HH W/C
Hlo] wE SHFENFAIE <Fig. 4.7>3 o] YeERARIT. W/CHIZF 1.00Y
o] SollAlMEE ARl Aejet vszstel o, W/CHIZF 1.12¢ o] SoilAlwl
Ex 5% 5 © 7 skl ot Augk AEglon, W/CHIZE 1.24¢Y o]
SollNHEE E&Fc] @olx FAA =3 SolAHMEYL F8%HE 4o ety

o} oluf W/CH] 1.08~1.24744 8] SAIA|7F A28 U454 % 12MPacld& w3}t
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Table. 4.4 Deodorization results of basaltic volcanic ash
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