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Engineering characteristics of volcanic ash

distributed in Jeju Island

Young—Sil Ko

Department of Construction and Environmental Engineering
Graduate School of Industry

Jeju National University

Supervised by Professor Jung—Man Nam

Summary

Jeju—Island 1s a wolcanic island formed between the Tertiary
Period and Quaternary Period of the Cenozoic Era which is
consisted of volcanic rocks such as basalt, trachybasalt,
trachyandesite, trachyte. The soil layer that forms the surface is
also a sedimentary layer of volcanic ash mostly formed during a
volcanic eruption, not soil of weathered residual soil accumulated by
mechanical or chemical weathering, and the volcanic ash which is
the first product forms a soil layer shape and some weathering is
progressed to form soil.

A physical and dynamic characteristic test was done by collecting
samples from the depths of the sedimentary section of volcanic ash,

excluding the eroded regions. Also, the characteristics of volcanic

_Vi_



ash were examined by classifying the basis rocks as it is presumed
that the volcanic eruption of these rocks is related to the
sedimentary section according to the fact that the main rocks
consisting Jeju—Island's surface geology are basalt, trachybasalt,
trachyte.

In a grain size analysis, basalts showed a passage amount of
No0.200 sieve and a confluence amount of less than 0.002mm, which
1s higher compared to trachybasalts and trachytes, and the liquid
limit and plastic index of the rocks resulted in the order of basalts,
trachybasalts, and trachytes. According to USCS, most basalts
classify as CL, trachytes as SM, and trachybasalts classify into
various types such as CL, ML, and SC.

The results of the compaction test showed that the optimum
moisture content of the volcanic ash of basalts, trachytes, and
trachybasalts were 29.7%, 29.6%, 21.5%, and the maximum unit
weight of the rocks were 1.389t/m’, 1.419t/m’, 1.603t/m’, showing
that the optimum moisture content of trachytes are low while the
maximum unit weight is high, and the compaction radius is narrow,
proving that trachytes have a better compaction than basalts and
trachybasalts.

The cohesion intercept and the angle of internal friction were
0.10~0.38kg/erf and 13.3~19.7° , so it was difficult to decide the
characteristics of volcanic ash according to the type of rock
because the number of samples was too small, but amount of
Jeju—Island's volcanic ash layer was slightly higher than the clay

layer of weathered residual soil.
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Table 2.2 Correlation of volcano—stratigraphy of Jeju Island

___ Trachybasalt (VII) —Qtb (VII)
Trachybasalt (VI) —Qtb (VI
Basalt (1) —Qb (1)
Trachybasalt (VI) —Qtb (VI)
Trachybasalt (V) —=Qtb (V)
Trachyte—Qt
Sediments—Qs
Trachybasalt (IV) —Qtb (IV)
Trachybasalt (1) —Qtb (1)
Basalt (11) —Qb (1I)
Trachybasalt (II) —Qtb (1I)
Basalt(1)—-Qb(1)
Trachybasalt (1)—Qtb( 1)
— Trachyandesite—Qta

Quaternary

] Seogwipo Formation—SF
Tertiary i
L Unconsolidated Sediment—US

Cretaceous | Tuff-Kav
Period

L Granite—Kgr

<Table 2.2> AAAEFTE 2 <Fig. 2.1> AAZ] AANE FTE Si0.8
NasO+Kz09] H]|E o] &3t FAakekF W %= (Cox et al., 1979; Le Bas et al,
1986)°l <Jsk Aot}

skl & o]F & AFE AXAAL <Fig. 2.1>] 8k, d@FH(1)~

& (
(M), 2HAFI(I)~VID 2 o] Hlwg FHIsA Yebya lon, 1
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Table 2.3 Method of compaction test

The inside .
Compac Hammer ] The Maxim
. . diameter of Number of .
—tion weight number particle
Proctor blows/layer ]
type (kg) of layers Dia. (mm)
mold (cm)
A 2.5 10 3 25 19
B 2.5 15 3 55 37.5
C 4.5 10 5 25 19
D 4.5 15 5 55 19
E 4.5 15 3 92 37.5

o) ARAZREES spebsha, dFA0] wEALL, st du) B o)
BHs4E 2 4 9

&S AlE (Triaxial Compression Test) A A% F4E AAsH7] 4
ato] o] @et= AlY WHE ToA TP AFA o) Stk AlY W2
utel UUATE (94 Blal=A13), CU 2 CUAE (bdu]el=A1E), CDAIE (¢
HAlg) o g BRset, & AgoA s 7B At o® ol g5 Qe CUAY
Hel oa AAIESAT o] AlEL FAA WEHRIE & Fol THUSH o3E
b v, FAeEs dolM oie Teke
Mohr's s&¥& ¢ 11 AAS sxegidoelzt sta, 1 HolA ¢, ¢ gte 73
23
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1. HIEES

i

SHE(KIL voleano) & A5l & &8 289 A3t FHOlt BE %
stol A del we BAARNANE BEHE B (333, 1993)0)2 B3

I, 3 E Fe] EEEHe M-SR E T olss AR

2 A7 olg It Ee T Al HASC w4 ZlolH, ofe wE sakA

60~95% H+=

utzabzh A ge] FE5E wols 1 9 TMAE AL AF dowEla §o=
Ho] M, f9o] Fojx Aol uAEd E+= Akt (voleanic rock) etk &

A Si09] gl weh ek, hbek Bl dRto® A7 3wEn. &9
FEde 1 29 Si09] FFgel dste AAHo] molw nHALSF FF

Q@ ML=
sbrRAFE EEHe 98y siAE FAsk sP A E Ok

_‘]1_



o] M9t (voleanic block)elal, olell&= 3Hite] 7Rkl ol QIE A%
o GHel= Ho 60F o/l Eak= Aol Atk HAo] 32m o]/FoldA o
= AR FEAY BFE @) o2
m, o] §4to]l FFolAM sk WzhEe] wkEolxl Zlojty. Bl EafH
A A0l 4~32m ARelell 9= A2 S (lapill) B 24 (H A5 cinder) ©]
ot} 4mn oleke] AlES Mt (volcanic ash), 1/4mm ©]8te] 7FFE AR (kb
JEE; volcanic dust)elebal ok (3], 1993).

wE 1 5(200002 A E F 2~64mE S, 1/16mE A, 1/16
oletE txlolet et/ shalow, dtatel whel sPIMEES sk AR
A7l ta Aol Holwdl, Bup AdetA yehfal gl Shon(1988) 9] 7
< e

2

Table 3.1 Granulometric classification of pyroclasts(Sohn, 1988)

Clast size )
Non—volcanic Pyroclastic
mm ¢
Boulder Coarse block
256 -8
Cobble Fine block
64 -6
Coarse lapillus
16 —4 Pebble
Medium lapillus
4 -2
Granule Fine lapillus
2 -1
Very coarse sand
Coarse ash
1/2 1 Coarse sand
Medium sand
Fine sand Medium ash
1/16 4 Very fine sand
1/169]3} 40]35} Silt )
Fine ash
Clay

_‘]2_



<Table 3.1>& 3JdE (Pyroclastic) & Y= A7) st F&& Lubz
EAF(Non—volcanic) & -7 Hlisto] 1Al (Sohn, 1988)% Z1-& el S
om o] W= IAHEEESY HHAE Y=ol w2} Very fine sand~Very
coarse sand J %ol 3G
AWt o2 A (volcanic ash)el =8 A, 1/16m ©]ste] A7]el it
SPAE S AlEekAl 9FaL 2mn o8t 719 MM HES FECIAM ek o,

Aol mE, skAel SRS AlEeRA okar, Al A skt etk

rr
a)
14
o
o
(4

[@p)

29 FE2 vk AL (53] 23 olAtste A A
B) 3 ARl weh @epdn Ash e el oldd RSl vkt
el galie Aej= ZAsHARE A% 7h7ke] vpavprh Eehed 7k AiEe] vt
avpERE 2o BASHA € ol€A viavbt gEe] V1x
o] AF Wolgl 2 JdE wo NER st Jom FA4& JgsiA Bt A
ol viavks 71 whamtel] el It ARe o wol Egete] AR
Sorn Hup g Adel AA =S AL F G &, 1993).
TR AR AR stfEd HAES S (tuffolet skal, FatH o
olFolx sk EAES lapilli-stone, $HiFEROIY block O o] Foi7] E]
A& A9 % (agglomerate) Ei= spAbzbE qtoletar gt
s A B85S G4 71del wet E7dtel 1 SA4ES 713 2

Add], gxg ez s 9G8FE A = (pyroclastic—{all deposits), 34k

i
“
o
of

ol

X

i

_‘L
rir
P
o
o
=

£

HEF HAE (volcaniclastic flow deposits), Z8]1 hyaloclastites 5°] 3l

(kb 48, 1993).
D 33424 det 54+
E]

ole]g e <]

e Ao, diREe A 37 FolA FAH air—fall S3A%E oJF U HE
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@ Basalt Sampling
A TrachyBasalt Sampling
@ Trachyte Sampling

Fig. 4.2 Location of sampling in the study area

Table 4.1 Location of sampling in the study area

NO. | designation Location rock type remark
1 bhb—1 Jeju hwabuk-dong Basalt compaction test
2 bhc—2 Jeju heochon=dong Basalt
3 b-hc—3 Jeju hoechon-dong Basalt S;gizzloﬁ,ogigzeg;
4 bbg—4 Jeju bonggae-dong Basalt
5 b-od—5 Jeju odung-dong Basalt
6 b-gn—6 Bukjeju gimnyeong-ri Basalt
7 b-sh—=7 Bukjeju sonhul-ri Basalt compaction test
3 bwj—8 Bukjeju woljung-ri Basalt
9 bsu—9 Namjeju sungeup-ri Basalt
10 bns—10 Namjeju nansan-ri Basalt Cocmhgglci;iln,cfggﬁigs .
11 bns—11 Namjeju nansan-ri Basalt
12 bou—12 Bukjeju eum-ri Basalt
13 bwj—13 Bukjeju worjeong-ri Basalt
14 bwr—14 Bukjeju worryeong-ri Basalt
15 b-as—15 Bukjeju anseong-ri Basalt

_‘]9_



Table 4.1 Continued.

NO. | designation Location rock type remark

16 th-he—1 Jeju hoechon-dong Trachybasalt

17 th-yp—2 Jeju ungpyeong-dong | Trachybasalt

18 thid—3 Jeju ido-dong Trachybasalt | chemical component test
19 thid—4 Jeju ido-dong Trachybasalt

20 th-ar—>5 Jeju ara-dong Trachybasalt

21 th-yd—6 Jeju yongdam-dong | Trachybasalt compaction test
22 th-or—7 Jeju ora—dong Trachybasalt triaxial test

23 th-y—8 Jeju yun-dong Trachybasalt

24 th-y—9 Jeju yun-dong Trachybasalt

25 th-ha—10 Jeju haian-dong Trachybasalt

26 tbnh—11 Jeju nohyung-dong Trachybasalt chce;?ril;?dciznmpizstn t
27 tbih—12 Jeju tho—dong Trachybasalt triaxial test
28 th-sd—13 Bukjeju songdang-ri | Trachybasalt

29 th-gs—14 Namjeju gasi-ri Trachybasalt

30 th-su—15 Namjeju sungeup-ri Trachybasalt compaction test
31 th-sh—16 Namjeju sehwa-ri Trachybasalt

32 | thkr—17 gwafgf;féﬁlg_ri Trachybasalt

33 th-gd—18 Bukjeju kumdeok-ri | Trachybasalt

34 th-sc—19 | Namjeju sangchun-ri | Trachybasalt

35 th-dk—20 | Namjeju dongkwang-ri Trachyte

36 tar—1 Jeju ara—dong Trachyte Chce;?;?c gzglpiz:tn t
37 tha—2 Jeju haian—dong Trachyte triaxial test

38 tnh—3 Jeju nohyung-dong Trachyte

39 t-sh—4 Jeju sanghyo-dong Trachyte

10 | tshe5 oo Trachyte | e component
41 t-sh—6 Seoguipo seohong-dong Trachyte

42 tsg—7 Seoguipo seogui—dong Trachyte

43 thh—8 Seoguipo hahyo-dong Trachyte

44 ths—9 Seoguipo hoesu-dong Trachyte
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Table 5.1 Chemical composition of volcanic ash

Chemical composition (wt%)

N Si0p | AlOz | TiOz | FesO3 | MgO | CaO | NagO | KoO | MnO | PoOs | Loi
@ b | 4931 | 1863 | 1.60 | 1242 | 272 | 0.60 | 179 | 2.14 | 0.13 | 0.22 | 10.85
@ b | 46.82 | 19.02 | 272 | 1272 | 2.12 | 0.74 | 211 | 295 | 0.20 | 0.27 | 11.14
6) b | 4594 | 1964 | 3.05 | 13.24 | 325 | 0.75 | 054 | 1.35 | 0.20 | 0.27 | 1241
@ b | 4801 | 1876 | 2.84 | 1243 | 322 | 0.62 | 091 | 1.83 | 0.11 | 0.26 | 10.97
® tb | 56.32 | 16.83 | 1.08 | 832 | 1.28 | 049 | 291 | 3.28 | 0.20 | 0.17 | 9.09
® tb | 5200 | 17.95 | 1.43 | 1041 | 231 | 0.56 | 2.52 | 2.86 | 0.21 | 0.16 | 947
@ tb | 4853 | 18.87 | 214 | 1214 | 202 | 0.69 | 213 | 3.08 | 0.15 | 0.25 | 10.11
® tb | 51.05 | 18.12 | 1.47 | 10.68 | 2.24 | 0.58 | 2.65 | 3.22 | 0.17 | 0.20 | 9.95
® t 59.83 | 16.55 | 091 | 7.70 | 1.22 | 043 | 341 | 361 | 019 | 0.13 | 6.64
t 61.64 | 1592 | 0.87 | 6.36 | 1.04 | 0.66 | 343 | 383 | 0.15 | 0.10 | 6.12
@ t 62.23 | 15.73 | 0.74 | 6.63 | 0.84 | 0.34 | 351 | 381 | 0.14 | 0.09 | 5.92

b: basalt area, tb: trachybasalt area, t: trachyte basalt Loi: Loss of ignition
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Table 5.2 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 gravity of soil

specific gravity |-pycnometer . saturation, unit weight et. F 2308
particles .
-hydrometer analysis
-oven dried method basic characteristics of soil
water content . “Wwater content . . . F 2306
(105T£57) «decision sensitivity of soil

classification of soil

Grain size distribution |- compression evaluation of
! 5 curve cohesive soils

) . |sieve analysis == . o .
particle—size . -auniformity coefficient  |-stability evaluation of F 2302
‘hydrometer analysis i ; .
-curvature coefficient cohesionless soils

fine gained size content |-estimate hydraulic conductivity

-design filter

Physical o p— |
characteri - . -sta.1 .1ty app@s of granular soi
—stic Jiquid limit, flow index |-decision of soils
fest Jiquid limit -plastic limit evaluate suitability of highway |F 2303
consistency  |-plastic limit -shrinkage limit subgrade material F 2304
-shrinkage limit Jiquidity index -estimate compression index F 2305
‘plasticity index classification of soil
-activity
_ .. |sand cone method _ _ ‘basic characteristics of soil
field density ‘moist density )
rubber balloon method . -estimate earth pressure F 2311
test «dry density . .
nuclear method «decision degree of compaction
relative ‘maximum density decision degree of compaction
. ‘mold method . ) L .
density ‘minimum density «decision liquefaction

-constant head test — ductivity desien of bilitv sail

. ‘hydraulic  conductivity |-design of permeability soi
seepage falling head test . ! grotp Y F 2322
o of soil -ground water matter
-consolidation test
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Fig. 5.3 Grain size distribution curve of basaltic volcanic ash
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Fig. 5.4 Grain size distribution curve of trachybasaltic volcanic ash
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Table 5.3 Liquid and plastic limit test result of basaltic volcanic ash

NO. Sample #200 passing rate contir;t u%fdgllOme shape
1 b-hb—1 72.3 19.0 I
2 b-hc—2 69.2 24.7 I
3 b-hc—3 70.3 25.8 I
4 b-bg—4 62.3 18.2 [
5 b-od—5 49.2 9.1 I
6 b-.gn—6 54.8 12.5 [
7 b-sh—7 53.1 16.8 I
8 bwj—8 40.2 12.0 il
9 b-su—9 77.9 18.7 I
10 bns—10 70.4 19.9 I
11 bns—11 52.1 12.7 I
12 b-ou—12 55.4 12.8 I
13 b-wj—13 65.4 23.4 il
14 b-wr—14 70.7 24.2 [
15 bas—15 54.3 16.5 il

average 61.2 17.8
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Table 5.4 Liquid and plastic limit test result of trachybasaltic volcanic ash

NO. Sample #200 passing rate content of shape
0.02mm or under
16 tb-he—1 64.9 15.3 I
17 th-yp—2 54.8 13.8 I
18 thid—3 52.3 16.0 m
19 tbiid—4 35.0 7.0 I
20 th-ar—5 59.6 17.8 I
21 th-yd—6 78.6 22.8 I
22 th-or—7 57.1 17.0 I
23 tby—8 54.3 13.8 I
24 thry—9 38.4 8.0 m
25 th-ha—10 42.8 13.9 I
26 thbnh—11 53.7 14.4 I
27 thih—12 73.9 27.0 I
28 th-sd—13 52.4 13.5 I
29 th-gs—14 62.3 16.6 I
30 th-su—15 35.8 8.2 I
31 th-sh—16 53.6 17.6 I
32 th-kr—17 47.6 12.0 I
33 th-gd—18 51.9 21.6 I
34 th-sc—19 45.6 10.8 I
35 tb-dk—20 57.9 18.6 I
average 53.6 15.3

Table 5.5 Liquid and plastic limit test result of trachytic volcanic ash

NO. sample #200 passing rate 0.0;?n?nlti?t u(;lfder shape
36 tar—1 32.6 9.2 I
37 tha—2 51.3 15.8 I
38 tnh—3 22.3 4.9 I
39 t-sh—4 50.7 19.9 I
40 t-sh—>5 41.9 12.3 I
41 t-sh—6 33.5 6.8 il
42 tsg—7 28.8 7.4 m
43 t-hh—8 55.8 14.9 m
44 ths—9 31.7 6.6 m
average 38.7 10.9
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Table 5.6 Liquid and plastic limit test result of basaltic volcanic ash

NO. | sample #200 passing LL PL PI
rate

1 bhb—1 72.3 47.5 24.6 22.9
2 bhc—2 69.2 59.1 35.3 23.8
3 b-hc—3 70.3 56.4 29.6 26.8
4 b-bg—4 62.3 44.3 26.0 18.3

5 b-od—5 49.2 39.6 30.1 9.5
6 b-gn—>6 54.8 41.8 25.8 16.0
7 b-sh—7 53.1 40.1 21.3 18.8
3 bwj—8 40.2 38.9 24.6 14.3

9 b-su—9 77.9 48.2 31.1 17.1
10 bns—10 70.4 50.8 28.0 22.8
11 bns—11 52.1 34.7 20.6 14.1
12 bou—12 55.4 43.8 27.2 16.6
13 bwj—13 65.4 45.6 26.8 18.8
14 bwr—14 70.7 48.8 29.2 19.6
15 b-as—15 54.3 41.6 24.0 17.6
average 61.2 45.4 26.9 18.5
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Table 5.7 Liquid and plastic limit test result of trachybasaltic volcanic ash

NO. |  sample #200 passing LL PL PI
rate

16 tb:he—1 64.9 46.3 32.2 14.1
17 tb-yp—2 54.8 37.8 24.3 13.5
18 tbid—3 52.3 38.7 23.4 15.3
19 tbid—4 35.0 354 27.5 7.9
20 th-ar—>5 59.6 45.1 26.7 18.4
21 tb-yd—6 78.6 52.9 28.9 24.0
22 tbror—7 57.1 42.2 23.1 19.1
23 th-y—8 54.3 38.9 23.5 15.4
24 tb-y—9 38.4 32.6 25.3 7.3
25 tb-ha—10 42.8 37.8 28.4 94
26 tbnh—11 53.7 40.1 29.2 10.9
27 tbih—12 73.9 48.4 26.8 21.6
28 th-sd—13 52.4 37.6 22.2 15.4
29 th-gs—14 62.3 441 27.0 17.1
30 tb-su—15 35.8 35.9 27.5 8.4
31 tb-sh—16 53.6 43.9 27.1 16.8
32 tbkr—17 47.6 38.6 23.9 14.7
33 tb-gd—18 51.9 43.8 22.9 20.9
34 tb-sc—19 45.6 384 26.8 11.6
35 tb-dk—20 57.9 43.7 24.1 19.6

average 53.6 41.1 26.0 15.1

Table 5.8 Liquid and plastic limit test result of trachy volcanic ash
NO. |  sample #200 passing LL PL PI
rate

36 tar—1 32.6 29.5 24.7 4.8
37 tha—2 51.3 40.2 27.1 13.1
38 tnh—3 22.3 32.6 27.1 5.5
39 t-sh—4 50.7 60.9 41.9 19.0
40 t-sh—5 41.9 384 27.0 114
41 t-sh—6 33.5 28.7 20.8 7.9
42 tsg—7 28.8 35.7 27.1 8.6
43 t-hh—8 55.8 39.1 27.3 11.8
44 t-hs—9 31.7 33.6 28.3 5.3

average 38.7 34.7 26.2 8.6
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Table 5.9 compression index and activity of basaltic ash

NO. sample content of 0.02mm ki plastic compressio activity
or under index n index

1 b:hb—1 19.0 47.5 22.9 0.34 1.21
2 b-hc—2 24.7 59.1 23.8 0.44 0.96
3 b-hc—3 25.8 56.4 26.8 0.42 1.04
4 b-bg—4 18.2 44.3 18.3 0.31 1.01
5 b-od—5 9.1 39.6 9.5 0.27 1.04
6 b-gn—6 12.5 41.8 16.0 0.29 1.28
7 b-sh—7 16.8 40.1 18.8 0.27 1.12
8 b-wj—8 12.0 38.9 14.3 0.26 1.19
9 b-su—9 18.7 48.2 17.1 0.34 0.91
10 bns—10 19.9 50.8 22.8 0.37 1.15
11 bns—11 12.7 34.7 14.1 0.22 1.11
12 | bou—12 12.8 43.8 16.6 0.30 1.30
13 bwj—13 23.4 45.6 18.8 0.32 0.80
14 | bwr—14 24.2 48.8 19.6 0.35 0.81
15 b-as—15 16.5 41.6 17.6 0.28 1.07
average 17.8 454 18.5 0.32 1.07
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Table 5.10 compression index and activity of trachybasaltic ash

content of 0.02mm liquid plastic | compressi ..
NO. sample . i . activity
or under limit index on index
16 tb-hc—1 15.3 46.3 14.1 0.33 0.92
17 tb-yp—2 13.8 37.8 13.5 0.25 0.98
18 tbid—3 16.0 38.7 15.3 0.26 0.96
19 tbid—4 7.0 35.4 7.9 0.23 1.13
20 th-ar—5 17.8 45.1 18.4 0.32 1.03
21 tbryd—6 22.8 52.9 24.0 0.39 1.05
22 thoor—7 17.0 42.2 19.1 0.29 1.12
23 thry—8 13.8 38.9 15.4 0.26 1.12
24 tb-y—9 8.0 32.6 7.3 0.20 0.91
25 tb-ha—10 13.9 37.8 94 0.25 0.68
26 tbnh—11 14.4 40.1 10.9 0.27 0.76
27 tbih—12 27.0 48.4 21.6 0.35 0.80
28 th-sd—13 13.5 37.6 154 0.25 1.14
29 th-gs—14 16.6 441 17.1 0.31 1.03
30 th-su—15 8.2 35.9 8.4 0.23 1.02
31 tb-sh—16 17.6 43.9 16.8 0.31 0.95
32 tb-kr—17 12.0 38.6 14.7 0.26 1.23
33 th-gd—18 21.6 43.8 20.9 0.30 0.97
34 tb-sc—19 10.8 38.4 11.6 0.26 1.07
35 tb-dk—20 18.6 43.7 19.6 0.30 1.05
average 15.3 41.1 15.1 0.28 1.00
Table 5.11 compression index and activity of trachy ash
content of 0.02mm liquid plastic | compressi ..
NO. sample . i . activity
or under limit index on index
36 tar—1 9.2 29.5 4.8 0.18 0.52
37 tha—2 15.8 40.2 13.1 0.27 0.83
38 tnh—3 4.9 32.6 5.5 0.20 1.12
39 t-sh—4 19.9 60.9 19.0 0.46 0.96
40 t-sh—5 12.3 38.4 114 0.26 0.93
41 t-sh—6 6.8 28.7 7.9 0.17 1.16
42 t-sg—7 7.4 35.7 8.6 0.23 1.16
43 t-hh—8 14.9 39.1 11.8 0.26 0.79
44 ths—9 6.6 33.6 5.3 0.21 0.80
average 10.9 34.7 8.6 0.22 0.91
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Table 5.12 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 5.13 Unified Soil Classification System, U.S.C.S

o L Group
Classification Criteria
symbol
passing No.200 sieve<b% Cu=4 and 1<Cg<3 GW
passing No.200 sieve<b% not meeting both criteria for GW GP
passing No.200 sieve>12% PI<4 or plot below A-line GM
passing No.200 sieve>12% PI>7 and plot above A-line GC
Gravelly
| passing No.200 sieve>12% fall in "CL—ML" marked area GC-GM
soi
5<passing No0.200 sieve<12% | meets the criteria for GW and GM GW-GM
5<passing No0.200 sieve<12% | meets the criteria for GW and GC GW-GC
5<passing No0.200 sieve<12% | meets the criteria for GP and GM GP-GM
5<passing No.200 sieve<12% | meets the criteria for GP and GC GP-GC
Coarse passing No.200 sieve<5% Cu=6 and 1<Cg<3 SW
grained passing No.200 sieve<5% not meeting both criteria for SW SP
soils passing No.200 sieve>12% PI<4 or plot below A-line SM
F <50% 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
Sand 5<passing No.200 sieve<12% | meets the criteria for SW and SM SW-SM
andy
| plot below A-—line
soi
5<passing No0.200 sieve<12% | meets the criteria for SW and SC SW-SC
plot above A-line
5<passing No0.200 sieve<12% | meets the criteria for SP and SM SP-SM
plot below A-line
5<passing No0.200 sieve<12% | meets the criteria for SP and SC SP-SC
plot above A-line
. PI<4 or plot below A-line ML
Inorganic
Fine LL<50% | PI>7 and plot above A-line CL
. 4<PI<7, fall in "CL—ML" marked area of plasticity chart CL-ML
grained
soils LL=50 | plot below A—line of plasticity chart MH
F=50% % plot above A-line of plasticity chart CH
Organic | LL<50% OL
Fine
grained _LL.— oven dried
. LL=50 LL — ot dried <0.75
soils OH
%
F=50%

¥ T; passing through the No. 200 sieve (%)
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Table 5.14 USCS of volcanic ash

NO. sample #200 passing and classification of soil USCS
1 b-hb—1 72.3 F.S CL
2 b-hc—2 69.2 F.S MH
3 b-hc—3 70.3. F.S CH
4 b-bg—4 62.3 F.S CL
5 b-od—5 49.2 C.S SC
6 b-gn—6 54.8 F.S CL
7 b-sh—7 53.1 F.S CL
8 bwj—8 40.2 C.S SC
9 b-su—9 77.9 F.S ML
10 bns—10 70.4 F.S CH
11 bns—11 52.1 F.S CL
12 b-ou—12 55.4 F.S ML
13 bwj—13 65.4 F.S CL
14 bwr—14 70.7 F.S ML
15 bas—15 54.3 F.S CL
16 tb-hc—1 64.9 F.S ML
17 tb-yp—2 54.8 F.S CL
18 tbid—3 52.3 TS CL
19 thid—4 35.0 C.S SM
20 th-ar—5 59.6 F.S CL
21 tb-yd—6 78.6 F.S CH
22 tb-or—7 57.1 F.S CL
23 th-y—8 54.3 F.S CL
24 tb-y—9 38.4 C.S SM
25 tb-ha—10 42.8 C.S SC
26 tbnh—11 53.7 F.S ML
27 tbih—12 73.9 F.S CL
28 tb-sd—13 52.4 F.S CL
29 th-gs—14 62.3 E.S ML
30 tb-su—15 35.8 C.S SM
31 tb-sh—16 53.6 F.S ML
32 tbkr—17 47.6 C.S SC
33 tb-gd—18 51.9 F.S CL
34 tb-sc—19 45.6 C.S SC
35 tb-dk—20 57.9 F.S CL
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Table 5.14 Continued

NO. sample #200 passing and classification of soil USCS
36 tar—1 32.6 C.S SM
37 tha—2 51.3 F.S ML
38 tnh—3 22.3 C.S SM
39 t-sh—4 50.7 F.S MH
40 t:-sh—5 41.9 C.S SC
41 t-sh—6 33.5 C.S SM
42 tsg—7 28.8 C.S SM
43 thh—8 55.8 F.S ML
44 ths—9 31.7 C.S SM
%0 | | |
25 | O basaltic ash
O trachybasaltic ash
S A trachy ash
35 — ——A-line
— CH
o 30
$
£ 25
- o
2 2 ,
= 15
OH and MH
10 CL
5 ol M
I ML and OL
ML
0
0 10 20 30 40 50 60 70 80 90 100

Liquid limit(%)

Fig. 5.9 Classification of volcanic ash by plastic chart

_48_



Table 5.15 distribution rate of volcanic ash by USCS

L the number distribution rate (%)
division USES of article clay/silt/sand F.S/C.S
cL ! 60.0
F.S CH 2 86.7
Basaltic ' ML 3 067 ‘
(total 15) MH 1 :
SC 2
CS M — 13.3 13.3
L J 50.0
F.S CH ! 70.0
Trachybasaltic ’ ML 4 20.0 ’
(total 20) MH - :
SC 3
C.S M 3 30.0 30.0
CL - B
CH -
Trachy F.S ML 5 v 33.3
(total 9) MH 1 '
SC 1
C.S M = 66.7 66.7

% F.S; fine grained soils, C.S; Coarse grained soils
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A-3 1% Z& No.2004 F3Fo] 35% o]atel AFAEo]al, No.2004 &3}
Fol 35% ol FZ tF-Eol HES HE HH FOE A-4, A-5, A-6,

A=7 15l &F3h AA A7) wE R 7S 7TommAE T3 2mm
Ao F= S AZolg g, 2mmAE FH3t 0.075mm (No.200A) Al &
< 2 &1, 0.076mmAE 9t Ze AESY HER PRI, T

%!

G 2AAF7E 10 olatd W AE™ §olE Abgatn], RAAFTY

L1o1del A E] s FE" §oj5 ARt
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Table 5.16 Classification of Highway Subgrade Materials

General classification

Granular materials

(35% or less of total sample passing No.200)

o A-1 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 50 max.
No.40 30 max. | 50 max. | 51 min.
No.200 15 max. | 25 max. | 10 max. | 35 max. | 35 max. | 35 max. | 35 max.
Characteristics of
fraction passing No.4
Liquid limit 40 max. | 41 min. |40 max. | 41 min.
Plasticity index 6 max. NP 10 max. | 10 max. | 11 min. | 11 min.
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 itotal sample passing No.200)

AT
Group classification A-4 A-5 A-6 A-7-5
A-7-6"
Sieve analysis
percent passing
No.10
No.40
No.200 36 min. 36 min. 36 min. 36 min.
Characteristics of
fraction passing No.4
Liquid limit 40 max. 41 min. 40 max. 41 min.
Plasticity index 10 max. 10 max. 11 min. 11 min.
Usual t.ype of s1gn1f1cant Silty soils Clayey soils
constituent materials

General subgrade rating

Fair to poor

@ For A=7-5, PI < LL - 30, ” For A=7-6, PI > LL — 30, NP; Non—Plastic
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Table 5.17 AASHTO classification of volcanic ash

sample No.200 passing
NO. LL PI AASHTO
name rate
1 b-hb—1 72.3 475 22.9 A-7-6
2 b-hc—2 69.2 59.1 23.8 A-7-5
3 b-hc—3 70.3 56.4 26.2 A-7-5
4 b-bg—4 62.3 44.3 18.3 A=7-6
5 b-od—5 49.2 39.6 9.5 A—4
6 b-gn—6 54.8 41.8 16.0 A-7-6
7 b-sh—7 53.1 40.1 18.8 A-7-6
8 bwj—8 40.2 38.9 14.3 A-6
9 b-su—9 77.9 48.2 17.1 A=-7-5
10 bns—10 70.4 50.8 22.8 A-7-6
11 bns—11 52.1 34.7 14.1 A-6
12 b-ou—12 55.4 43.8 16.6 A-=T7-6
13 bwj—13 65.4 45.6 18.8 A-T7-6
14 bwr—14 70.7 48.8 19.6 A-T7-6
15 b-as—15 54.3 41.6 17.6 A-7-6
16 tb-he—1 64.9 46.3 14.1 A-7-5
17 tb-yp—2 54.8 37.8 13.5 A-6
18 tbid—3 5.8 38.7 15.3 A-6
19 tbid—4 35.0 35.4 7.9 A-2—4
20 th-ar—5 59.6 45.1 18.4 A-7-6
21 tb-yd—6 78.6 52.9 24.0 A-7-6
22 th-or—7 57.1 42.2 19.1 A-7-6
23 thy—8 54.3 38.9 15.4 A-6
24 tb-y—9 38.4 32.6 7.3 A—4
25 tb-ha—10 42.8 37.8 94 A—4
26 tbnh—11 53.7 40.1 10.9 A-7-6
27 tbih—12 73.9 48.4 21.6 A-7-6
28 th-sd—13 52.4 37.6 15.4 A-6
29 tb-gs—14 62.3 44.1 17.1 A-7-6
30 th-su—15 35.8 35.9 8.4 A-2-4
31 th-sh—16 53.6 43.9 16.8 A-7-6
32 tbkr—17 47.6 38.6 14.7 A-6
33 tb-gd—18 51.9 43.8 20.9 A-7-6
34 tb-sc—19 45.6 38.4 11.6 A-6
35 th-dk—20 57.9 43.7 19.6 A-7-6
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Table 5.17 Continued.

No0.200 passing
NO. sample LL PI AASHTO
rate
36 tar—1 32.6 29.5 4.8 A-2-4
37 tha—2 51.3 40.2 13.1 A-7
38 tnh—3 22.3 32.6 5.5 A-2-4
39 t-sh—4 50.7 60.9 19.0 A=7
40 t:-sh—>5 41.9 38.4 11.4 A-6
41 t:-sh—6 33.5 28.7 7.9 A-2-4
42 tsg—7 28.8 35.7 8.6 A-2—4
43 thh—8 55.8 39.1 11.8 A—6
44 ths—9 31.7 33.6 5.3 A-2-4
70 \ \
Obasaltic ash /
60 [
Otrachybasaltic ash /
50 H Atrachy ash
2 A-7-6 /
=< 40
3
= A-2-6 /
= 30 A6
2 A-2-7
C Q A-7-2
20 @ A
O
10 =
A2-4 AR A-2-5
. A-4 A5
0 10 20 30 40 50 60 70 80 90 100

Liquid limit(%)

Fig. 5.10 Classification chart of volcanic ash for AASHTO
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Table 5.18 Distribution rate of volcanic ash for AASHTO

. the road soil the number distribution rate (%)
division AASHTO _ :
grade of article | sand/silt/clay grade
excellent A—9—14 B B _
~ good
Basaltic ash A4 1 20.0
A-6 2 '
(total 15) fair ~ poor 100.0
A=7-5 3
80.0
A-7-6 9
excellent |y o 2 10.0 10.0
~ good
Trachybasaltic A—4 9 100
“ fai A0 b | 90.0
(total 20) ar ~ poor A-7-5 1 ’
50.0
A-7-6 9
excellent | o 5 55.6 5.6
~ good
Trachy ash A4 - 999
A-6 2 '
(total 9) fair ~ poor 444
A=-7-5 1
22.2
A-7-6 1
AR FHY FARE FEE No.2004d FHHFANGALHAFE o]
AASHTO 74l Ale shitAlE E738t d3= <Table 5.17>% a1, sHibA|
of Bxulg W 435 19S <Table 5.18>% <Fig. 5.10>¢] YRR}
AFATF A A =AE Fwel W $e~F o ddHE AEe
o, 20% AFE= AE7F AEAL HFo8 U3 d AR ddE ok
AT T 427 10%e gtete] 47 s sael sigE, 90%°l 3l

ol [N
i
rlr

g, o5 F AEg AEQ Fol FUF vl FEAD vk ATYF 2L xW
AROHE A gHE 2t oz gH, gry AE-HEd Fow o



ZHEZ 50% ol

R B

el



A Bl detel BAAG] AAE A% Aol thstel IEAE 3
Estgrh AREe 2RAGNA ARR AolEz Bl AN Ang)
A e AEAAT. B WE SHE sofets] Sste] ARFLH

z
AN gF-2ddiel diste] Sddel st dixAA ARE AFHAst] APH

2 747t 47 F 1071 Al=el skl A=,
GAAE Al Gl HAFFE (0M.O) 2 HHAXZEE (rdwa) & <Table 5.19>
, 1A EZE <Fig. 5.11>0l FEAIA VeI

2
5
o
_(."‘L
2
T
o
=
32
ki

Table 5.19 compaction property of volcanic ash

OMC (%) rdmax (t/m7)
division sample
value average value average
bhb—1 31.0 1.352
b-hc—3 31.2 1.363
basaltic ash 29.7 1.389
b-sh—7 31.6 1.368
bns—10 25.1 1.472
thid—3 44.0 1.172
trachybasalic th-yd—6 23.0 1.490
29.6 1.419
ash tbnh—11 21.2 1.628
th-su—15 30.3 1.387
tar—1 20.0 1.652
trachy ash 21.5 1.603
t-sh—>5 23.0 1.554

A S An, dFgHR 71dete] REHE A9 oigt a4 AR HoA

ZUEE 1.352~1.472¢/m, HAFFH = 25.1~31.6% HAE JERWEA v
frAbe s Za 3, 2HYgF Al dEdEHe AR Hunzds
1.172~1.628t/m', A0 E 21.2~44%2 wwFd g zol7k A vehya
Atk 3 ZHchR sMAlE 27 AR dtate] Aol giEgo R BdE})

£l

3
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a) Compaction curve of tested all sample

Fig. 5.11 Compaction curve of volcanic ash



1.70 H
—-m--b - hc-3

1.60 H
—a-—b-sh-7

1.50 H

"\.\ —m—b - ns-10
140 T
130 3 \
7| R
- [
»

«£ A

DRY DENSITY(t/m %)

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
WATER CONTENT(%)

b) Compaction curve of basaltic ash sample

1.80 T T

~A-—tb-id-3
1.70
@ tb - yd-6
1.60 e
/ \ —m—tb - su-15
~ 150 - e —e—tb - nh-11
= 3 e
Z 140 - -
> K
z R
2 L]
Z 130
I
>
S 120 ./
P S
’ ~.
1.10 X ..
a o
, N
1.00 rs A
090

50 100 150 | 200 250 300 350 400 = 450 = 500 550  60.0
WATER CONTENT(%)

c¢) Compaction curve of trachybasaltic ash sample
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Fig. 5.11 Compaction curve of volcanic ash
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7. HAR U Y0
AFE ol B2eEM EFTS ol F1 e AT 257 4F =8 @

AMAEANME FEgo] 719 glgol wek BudAg AR ofH1, HAHER
golg = e =407Z 3lo] Piston samplerd] 93t &1 @A) F (Undisturbed
Sample) A 55 AFskla, A2 9 FebRzts k7] flstel ASEUHAEY
(CUE AAsth. AdER FEHAAYHE Ngko] 4o]atz wf9- Akt A
Hhol Al B gtAlE AFH7E Thsshy B AT sAbA B A S A9 vl Aokt
FHE Yetves e A gl ekk A
A ANEE AFHFAL, 57 Mgl Fote] A E ST

AMEAFZE ofF gl wheh A B AT T B4l AAEAY
g Azl s Bt E7E AFHE RS olyH, AFUAFAEE AT Eu

SAE ARARD Ao Fol 9N AR Trjz A4

¢

Table 5.20 Cohesion intercept and angle of internal friction

sample LL PI ¢ ¢
(%) (kg/c)) C)
b-hc—3 57.6 27.8 0.38 15.5
bns—10 52.6 24.7 0.35 13.9
thoor—="7 48.4 23.6 0.25 13.3
tb—ih—12 43.2 20.1 0.16 16.7
tha—2 42.3 18.1 0.10 19.7
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a) Mohr's circle and failure envelope of sample 'b-hc—3'
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c¢) Mohr's circle and failure envelope of sample 'th-or—7'

Fig. 5.12 Mohr's circle and failure envelope of volcanic ash
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Fig. 5.12 Mohr's circle and failure envelope of volcanic ash
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Table 5.21 Roughly soil strength parameters

THAA EEE]
Fgo | M7 c 2295
T ARL] A 3 npEZ} 9 (moyne
( t/m (%) ( L‘/m E=SUNTY
) )
YAE 7 e Qe £ A 2.0 35 0
RSk SW,SP
WA 2 A B YT gl 1.8 30 0
wAg A 1.9 30 3o]3}
AR E SM,SC
A 9 A L7 25 0
=& AR e B 2w N
8 AR A 1.8 %5 | 5ol
£o17h
AR e | oREwE AR 2Ee O
X]‘ﬂ' =43 goz %Oﬂj]') 1.7 20 3 ]O]‘ !
& AE7Ee] 47 S0 1.7 20 1.50]3}
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