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Estimation of Weathered Degree Using Fall cone in Weathered Soil ; Silty Sand

_{‘_;:Og@:* . Z:])\é%** . ;g-tg.%***

Son, Young Hwan* * Kim, Seong Pil** - Chang, Pyoung Wuck***

Abstract

It is essential to analyze and classify the physical characteristics of weathered granite for engineering purposes.
This paper is to suggest a physical method to determine the degree of weathering of weathered soils.
A new classification method for determining the degree of weathering is suggested, based upon the results from
laboratory tests including fall cone test.
According to the proposed physical method using fall cone apparatus, the measured values of the samples from
the same area show distinctive difference of weathering. The water content tends to increase with increasing the
degree of weathering at the same penetration in fall cone test. And relationship between CWI and water content
are expressed one equation in Hwaseong area and Ilsan area.
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1. Fall cone test

&9 ZAAEAE ZAASH= Casagrande 4PHO
A EAEE TS Bl 93 oY ERiE
o) @& A7t Xsle} gron) ofof ik oot
©2 Fall cone test’} WA=t (Houlsby, 1982;
Koumoto and Houlsby, 2001; Wood, 1982; Wood,
1985). F=t A9 183 sfukclolA: Fall cone
& olgsto] AYRAS AR WHS B 1A
o ZFA7|3 9lom Casagrandet ol vla] o Al
& o+ Y PHoE AT AUrHKoumoto and
Houlsby, 2001).

2. CWI(Chemical Weathering Index)

ofsh 249 Wzl ufet FSwE 2Asl= 71
A WHOZ Sueoka(1988)7F AA|gH CWI(Che-
mical Weathering Index)& AME3IL glon ol=
AHE, FabA Bog FHEE HEsi=d) Al
SHI Uk 1 9 W d7AEe] 38k Z3i]
5 AR v glon, ol stk E3lx|4¢
AAole Sttt AR9t 7|&o] Bosiog go K
2kt wlg-9] Aeko] it} Table 1 7|2 AFAE
ol AAIG olg] 74X Bty E3A4E st A

olc,

Sueoka FEHEAE T3 3l st FES
2Ast 3jehy FIAER AgEoH, o]5 CWIR
FAsIA. CWie 337} ZY=dA sl
Slo]] of3f 2 - S7HETHE THOA AgkE Aoz
3] B3E At it

£3], Sueoka®] CWI= oyt 9 J3}Eof tfjs}o]
TR AAIE 28T 4 9lo, Hlwy 7idst A
A #@E ERE AR Aotk ol £ dolA
£ Sueoka7} AIREE CWIE F8le] 7|02 AMg-
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AT AR Ho A FHE ARE o] 83l
XRF(X-A #gEA X-ray fluorescence spectro-
scopy)A, Fall cone testE AASHh

2 ol AT AR By EAE Table 2

on BUEFHA AEAR(SME BFE
I HAolgln), E3E iRl HjFe] W9 2.66~
275809 XY ARsF ARG AR H]F
HlFo] za 34 Jepgth o+ KS F 23089 4
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Table 1 Chemical Weathering Indexes

Indicati-on Weathering Index Remarks
S0, Ruxton's Ratio,
RR
AL O, Ruxton(1968)
K,0+ Na,O+ Qo0+ MyO— H,0* Weathering Potential
W.EI _ X 100 .
Si0, + Al O, + Fe, 0, + TiO, +~ a0+ MgO+ Nay O+ K,O Index, Reiche(1943)
Si0, Product Index,
PI ” X100 .
S0, + AL O, + Fe, O, + Ti0, + FeO+ MgO Reiche(1943)
o7 50,/ Tio, 0 SJillica-Ti(;aniaé{ndE?(,
Y - - ayawardena & Eiji
($i0,/ 710, ) + (S0, /A1, 0,) + (A1,0,/ TL0,) w1994
ATI AL, 0,/ O, * 100 Aljm na_?aniyg'i‘?x’
. - - ayawardena & Eiji
(Si0,/ 110, ) + (S0, [ Al, 0,) + (AL, 0,/ Ti0, ) (1990
AL O, + Fe, Oy + O, + LOI Chemical Weathering
I All Chemical components )m”le <100 Index, Sueoka(1988)
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Table 2 Physical properties of soils of Hwaseong

area
Soils ‘Yﬁ%l;* Grsfvelf;f(lé) USCS | L% | PL®%)
0l | %5 275 M| W |
2 | 180 273 M| N | N
H3 | 209 272 M| N |
4 | 186 2,68 M| N | N

Table 3 Physical properties of soils of Ilsan area

Soils W<‘%1; Cf;elff;é) USCS | LL@ | PL@®)
-1 | 232 2.66 M | NP | NP
L2 | 162 067 M| N | NP
-3 | 191 2.70 M | N | NP
L4 | 178 269 M| NP | N

* 5 A g
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of ol I 4= Qlr}, B AAto] Ahg" 3}
BRI AR A7) ST %*Loﬂﬁ A8k
om AP YXER Z7F H-1, H-2, H-3, H-42
718195k H-1~H-4 A|8= U3 2199 oy
YA e PR, HHUEE 1.0~3.0
molth GARA G A= A7)E TFA] YA A
e Yiolln AFsrden, U Axjox Aza
A&} 45 m, 6.7 m 7.5 m, 9.5 molA sk
ow 747} -1, L-2, L-3, L-42 ¥7]5}dch

lo

1>
19

2 Alslary
SRS
1

& A & BAE CWIE 8t
I8t wAZAR] 2 §7 ot XRFEAG 43
315t Table 19014 A3 Sueoka(1988)9] A1 (1)

=~

o

& ol3to] Z Azol| thgk CWIE APkt
Al,O, + Fe,0, + TiO, + LOI

= All Chemical components

)myl(’, x 100(%) (1)

71 Fall cone testE 9319 Feng(2000)0] Al
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Table 4 Results of XRF in Hwaseong area unit : %
Sample Si0z AlgO4 Ti0z Fes0s MgO Ca0 Naz0O K:0 MnO P:0s LOL CWI
H-1 62.26 16.15 0.77 8.55 1.89 0.31 0.60 1.0 011 0.07 4.03 28.44
H-2 60.42 16.70 0.98 9.27 2.68 151 0.91 0.99 0.12 0.14 5.36 32.05
H-3 63.26 17.12 0.80 7.81 1.99 0.76 1.31 1.82 011 0.07 3.84 27.52
H-4 59.66 16.02 0.76 8.64 1.88 0.58 0.46 1.30 0.11 0.09 .33 32.49
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Fig. 1 Results of Fall cone test in Hwaseong area
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47§40l A A3t Alsoll thgh Fall cone test At
£ Fig. 19 ATt

4719] Fall cone test 235 o]&3to 13+ 1Y
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Table 5 Regressive equation of water content against
penetration of Hwaseong area

Sample | Regressive Equation R Remarks
H-1 |y=11.453ln{x) + 23.323|0.9896
H-2 | y=12.46Ln(x) + 25.553 |0.9749 | x : penetration(mm)
H-3 |y=11.958Ln(x) + 21.253[0.9998 | v * water content(%)

H-4 |y=12.713La(x) + 26.083|0.9946

Table 6 Water content against penetration depth
of Hwaseong area

Penetration Water Content(%)

(mm) H-1 H-2 H-3 H-4

8 47.14 51.46 46.12 52.52

9 48.49 52.93 47.53 54.02

10 49.69 54.24 4879 55.36

11 50.79 55.43 49.93 56.57

12 51.78 56.51 50.97 57.67
CWI(%) 28.44 32.05 27.52 32.49
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Table 7 Regressive equation of CWI vs. water
content of Hwaseong area

Penetration

Regressive Equation R Remarks
(mm)

) CWI=0.856w- 721 |0.9957
6 CWI=0832w-798 {09961
7 CWI=0812w-858 | 0.9958
8 CWI=0.795w-9.07 |0.993%

— w  Water
9 CWI=0.780w-9.47 | 0.9949 content(%)

10 CWI=0.768w-9.81 | 0.9942
11 CWI=0.75Tw~ 10.11 |0.9935 |CWI : Chgrrﬂcal
12 CWI=0747w- 1037 | 0.9928 | ‘“Weathering
Index(%)

13 CWI=0.738w-10.60 | 0.992

14 CWI=0.729w- 10.80 | 0.9913
15 CWI=0.722w- 10.98 | 0.9906
16 CWI=0.715w-11.15 | 0.9899
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Table 8 Results of XRF of Ilsan area t:%
A& Si0e AlsOs TiO; FeoOs MgO Ca0 Na0 K0 MnO Ps0s LOL CWI
-1 63.86 16.97 0.75 8.23 1.20 0.69 1.08 1.65 0.03 0.06 4.66 29.88
L-2 70.49 13.66 0.52 6.67 0.69 0.20 1.06 2.54 0.11 0.06 3.39 22.99
L-3 74.39 12.96 0.22 5.12 0.42 0.13 1.62 2.24 0.27 0.03 3.16 20.53
L-4 60.86 24.25 1.17 4.89 0.58 0.17 0.52 4.49 0.07 0.06 3.02 29.29
2. LAFK|4o A1} Table 9 Regressive equations of water content
against penetration in Ilsan area
7 |' XRFE—]{ 75:‘-7'—} Sample | Regressive Equation R Remarks
UAR] S A|89] XRF EA4Z23M= Table 83 Zth. L-1 |y=9.754Ln(x) + 21.635 0.9529
XRE 7% _q = 0] —9-6]-03] ?-6‘]— CWI°ﬂ [L}—E. = §]_;(4 T L-2 |y=6.363Ln(x) + 16.939 | 0.9891 | x : penetration(mm)
L-3 |y=5614Ln(x) + 15.109 | 0.9826 | v : water content(%)
L 71 /'*O A
=L 1>L‘ 4>172>L=39f &old, L-13} L~4 A L-4 |y=6.505Lnx) + 24.893 | 0.9985
£ Azt Awﬁa} AR CWIE SiO.2
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Table 10 Water content against penetration depth
of Ilsan area

Table 11 Regressive equations CWI vs, water con—
tent of Ilsan area

Penetration Water Content(%)
(mm) L-1 L-2 L-3 L-4
8 41.92 30.17 26.78 38.42
9 43.07 30.92 27.44 39.19
10 44,09 31.59 28.04 39.87
11 45.02 32.20 28,57 40.49
12 45.87 32.75 29.00 41.06
CWI(%) 29.88 22.99 20.53 29.29
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=
Lat Bl T Grule = vehc, ol 3
HARS) ASSH BUM AFS Rolzi Asolr)
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A=

66

" R P St 4
9 PR e
T e e
E 40 - i
4 — . S
2 e
= St
S e e -5
T e . e
g ¥ Pl IR S
= L USRS
= ROl
Rt 1
20 e §u
—m i3
i {04
H
5 & ki % ¢ e 1 12 13 i4 i5 W

Penetration (mm)
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content of Ilsan area

3
Penetration

24 e + 12own

26 28 3 35 4 48 56 55

Water Content (%)

Fig, 6 Relationship between CWI and water con—
tent of all cases of Ilsan area
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Penetration Regressive Equation R? Remarks
(mm)
5 CWI=0728w+ 3.09 |0.9939
6 CWI=0697w+ 3.16 | 0.9881
7 CWI=0672w+ 3.24 | 0.9822
8 CWI=0651w+ 3.33 | 0.9766
— y w: Water
9 CWI=0633w+ 342 | 09712 content(%)
10 CWI=0.618w+ 3.51 |0.9662
11 CWI=0.604w+ 359 | 0.9616 | CWI: Chemical
12 | CWI=0592w+ 367 |0o57g| Weathering
— Index(%)
13 CWI=058lw+ 3.74 |0.9532
14 CWI=0571w+ 381 | 0.9494
15 CWI=0562w+ 3.88 | 0.9459
16 CWI=0554w+ 3.94 |0.9426

AR A Aut= NG ARAA Yept Z
el FARE S BoiRgich b skl it
CWIQ} e=rH]) Bl Table 113} Zhow 4] (2)9}
o] BHE 4= Ql9itt ofnf, A% at 0.554~0.728,
b 3.09~3.949] HY= Yepdct Egt gAY
A58} TR Fall cone APE AARL o|&
3 FelNE 4] A FpHlE o] gstod

Table 110] Z&3ld CWIE 248 % 91 £
ok Aol M) 7 Alse] g Al s

7 4 otk

Table 11¢] e A Hgsie] 78 5= = CWI
o] H9= 26.11~46.79% AZol}, A EA]
AAleh vieb Zro] BIF 10~ 12 mmolld EIpeS
stal olufgh WY deld CWIY #E ueE
4 27.34~40.56%] HYPZ UubHl F3)E9)
Hi9lol| sjFBtBE o|F Este] FI-E NEsh=
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