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ABSTRACT

Decomposed granite soil is likely to lose its strength when exposed to air or water. Such a geomaterial is weathered by
wetting—drying or freezing—melting. In this study, resonant column tests were conducted to figure out the dynamic
characteristics of granite soil that has affected by environmental changes like weathering condition. The results show that
wetting—drying weathering condition is the most affective parameter on the dynamic characteristics of granite soil. In the
meantime, artificial weathering conditions such as freezing—melting has less affection at first and getting increase as the process

repeats Constantly.
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Fig. 2. Characteristics of stress—strain by wetting—drying (Yoo, 2011b)
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Fig. 3. Schematic diagram of resonant column test apparatus
(Kim et al,, 2004)
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5 Compaction Test Atterberg Limit 0
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Fig. 5. Grain size distribution of weathered granite soil Fig. 6. Compaction test of weathered granite soil
Table 2. Experimental condition
Freezing—Thawing (A—Group) Wetting—Drying (B—Group) Artificial Weathering (C—Group)
Cycle No, Symbol Cycle No, Symbol Cycle Day Symbol
0 A1 0 B—1 0 C—
1 A-2 1 B-2 10 C-2
3 A-3 3 B-3 30 C-3
7 A-4 7 B-4 60 C4
10 A5 10 B-5 100 C-5
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Table 3. Experimental method

artificial weathering freezing—melting wetting—drying
Weathering Quick weathering using freezing by maintaining relative wetting by raining and changing
method hydrofluoric acid moisture content the ground water table
0 day 0
10 day 1 time
REPEAT TIME ;
(DAY) 30 day 3 times
60 day 7 times
100 day 10 times
specimen specimens are prepared by under—compaction method using oven dried soils
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46 HRESMRSIE=EY MI3H M1E

T AFET Y B Y A9 FAYES F

F}A]3(CWI, Chemical Weathering Index)E &3l AlAks}
Il(Lee et al., 2013), 7+ F3} A FHF AES A4
ahqict.
5. UHAT U BY

5.1 30 HOEHAS 54

5.1.1 SZ-aHAl Hlch FTHERZS

Fig. 92y 4 S17E0] E2-§8) ARZTA Ao

Step2

155E 13E
Freeze Melting
(24hr, (24hr)

Step3

Scanning
Electronic
Microscope
Picture

+ Degree of compaction : 95%
+ Prearranged Recycle

Fig. 8. Test procedure of freezing—melting



Gmax(MPa)

350
r —&— 20kPa
300 |- ~=—40kPa
Iy —~— 80kPa
- —5— 160kPa
—e- 320kPa
200
L ;

Number of Cycles

(a) Maximum shear elastic modulus by cycle time

350

—&— A-1(Cycle 0)
300 —
—=— A-2(Cycle 1)
xl A-3(Cycle 3)
| 5 A-4(CycleT)
E 200 - —8— A-5(Cycle 10)
= L
£ 150 -
o |-
100 —
50 —
0 L Lol 1 TR
10 100 1000

Confining Pressure(kPa)

(b) Maximum shear elastic modulus by confining pressure

Fig. 9. Maximum shear elastic modulus after freezing—melting

5 Fdf AdedAlre WolH 53], 2-g3l Alel=
17 131Y o 2o Aded A7 7P 24| 7t
Atk o= FZ2-83l AtolEe] 13] o off AeetdAla
7 2 GRS v|A AN 1L o] 3 RE = 11 gkl ¢ 4
A Ulﬂt}% A o 4 ok

E3H Fig. 9(b)= 4R o A A4S YE
W Ao mA A&fo] FTFeE A A A7)

AR ANE A4S B 4 ek 19

Aol

17} Z7Ketol weka) Hd) Aged ATt BaKes

Gmax(MPa)

A= B HER -

350
L —o— 20kPa
300 — ——=—40kPa
[ —&— 80kPa
250 — —=— 160kPa
r —&— 320kPa

Number of Cycles

(a) Maximum shear elastic modulus by cycle time

of me o ddebdAs 9= &

of o] o daebdAlrs s2-g3l ddxddes ¢
2| AfolE Bt 19] o] 55 H &
123 ¢7P 7kl webA ddedA
} FS Ho|x|ul 11 XL nfj&
s 2] ddedAles dd S7H6HA
2 3571 13] o] -7 E &Rt whE FHof A
& UuRE Ao 2 YT

olget AL s-E AldRU A5 AllE 13
& | =2 QlsiM = Aol 24 <f
7] teo2 BdE ol= SPYETF S A4
7HAIAL Qs FARE AeAsE /AT AAIRittal dE T

<]

ol
rlr

O
SR

f
(4
BN
i
S~

350
—s— B-1(Cycle 0)
300 = = B-2(Cycle 1)
|  —=— B-3(Cycle 3)
250 —
—<— B-4(Cycle 7)
z | —e— B-5(Cycle 10
& 200 - (Cyele 1)
= L
&
£ 150 —
(D -
100 —
50 —
0 L Ll ! I T T
10 100 1000

Confining Pressure(kPa)

(b) Maximum shear elastic modulus by confining pressure

Fig. 10. Maximum shear elastic modulus after wetting—drying

pal
rc
riok
oN
ﬂ
2
i
fonr

N
Hm
1o
ofn
1~
Am
0x
N
~



5.1.3 QIZSSIA| Z(o MEEREA Aa] A4S yehd Aol Ay At oJshH A&
Fig. 112 1333} A, A& Hoff ddetdA| AaH= 3.0~ 1.55 )0l glom Ato]F Sl4= & 149
G0 AFATE BAG Aolck AB A fsbA AFF o] F7hgel wepd W FEe] glo] o skt 4
3PF A AgE s ) duetdAle= JRIFeE 3 e HYANE 1 zjol= mjm|aiict. o] Ao &
A3He S Holu), Taglo] e Aol Falelrel  u) BA-gals Hd alul] 2 A% vXA Eahe
HAglo] 2o Ade A= vlseskA yelsdth =31 Ao g getet
S9fo] 271l webd Ao AHEYARE BE 371
k= A Holow, JIFEaE A -2 100 Ad 5.2.2 §8-UZA| Z|A ZHAH|
A7 AA sttt 58k 109 o] 5= 4 Fig. 132 $9-7A%A] AJo]Z 315 Wl hohda 24
a3l Zo| FhohER A9 YA Leht 7] WStEAS e Zlo® Fa-gelae 2A)
A%k vl Uehte oleld 2O B 1) 8-
5.2 34 2] 54 Az ABEA A FA-§o 200} iR
28] EAoll= & 9= vAA] ot Ae=E wEh
5.2.1 =Z4-85llA| XA ZHAH|
Fig. 122 S2-§a)A] Afo]2 315 @ Fdehlz 2o
350 350
L —=— 20kPa F e c04
300 |- —= 40kPa a0 & C10day)
—=— C-2(10 day)
B _._ 80kPa 3
2509 = 160kPa s - CB(0day)
—_ - —e 320kPa —_ - T= C-4(60day)
& g & o0 —® C-5(100 day)
= = L
£ £ 40l
O o L
100 |-
50 |-
0 1 | I | I | | 07 Lol 1 L
0 20 40 60 80 100 10 100 1000
Weathering number of days Confining Pressure(kPa)
(a) Maximum shear elastic modulus by weathering days (b) Maximum shear elastic modulus by confining pressure

Damping Ratio(%)

Fig. 11. Maximum shear elastic modulus after artificial weathering

6 6
- —&— 20kPa - —5— A-1(Cycle 0)
5 —=—40kPa 5 —=— A-2(Cycle 1)
| —=— 80kPa . r —£— A-3(Cycle 3)
AL —=— 160kPa § 4l —=— A-4(Cycle 7)
i —e— 320kPa % N —e— A-5(Cycle 10)
o
o 3
£
5
© 2
O
1 —_
0 1 | L | 1 | 1 I 1 0 | T I 1 T |
0 2 4 6 8 10 10 100 1000
Number of Cycles Confining Pressure(kPa)
(a) Minimum damping ratio by cycle time (b) Minimum damping ratio by confining pressure

Fig. 12. Mminimum damping ratio after freezing—melting

SRESHREE=EY M13HE MiE



Damping Ratio(%)

B —s— B-1(Cycle 0)
51— —=— B-2(Cycle 1)
- —&— B-3(Cycle 3)
4 —=— B-4(Cycle 7)
B —&— B-5(Cycle 10)
3
2
1~
0 L T ! T
10 100 1000

Confining Pressure(kPa)

(b) Minimum damping ratio by confining pressure

Fig. 13. Minimum damping ration after wetting—drying

—= 20kPa
5 —-=—40kPa
_~_ 80kPa
<, —&— 160kPa
g —e— 320kPa
g
> 3
o
[5
© 2 I
O
1
0 | ! 1 L L !
0 2 4 6 8 10
Number of Cycles
(a) Minimum damping ratio by cycle time
5.2.3 CUZZ3A| z|4 ZA(H|
Fig. 145 Q18530 $3}24 9 74epas 3 g
A WSHEALS Lkl Aolet. Addutel ofshi E3)

Damping Ratio(%)

Paslt HOR Holu] oejdh HFOE £ 1)
o

rlr
ofd
5
N
)
o
it}
2
>
L)
B
N
N
52
o
jats)
=2
g
nd
=)

<]
—&— 20kPa
5 ——40kPa
—~— 80kPa
4 —=— 160kPa
—e— 320kPa
3 \
i
24
1=
0 l L | 1 | I l !
0 2 4 ] 8 10

Weathering number of days

(a) Minimum damping ratio by cycle time

X

£ ooy
o

-~
S o
o fob o

ol o Hm
oM.

Damping Ratio(%)

)
o il 4>
U
ox
iy
j
=
N
o
rlu
o
ofr
fo
o
rlr
B
[
o,

]
A
N
il
vl
gl
n
N
°

i
rir
2
ol

n\(
b
ﬂ
rr
o,
oo
8

ol
-

ofd oY
B>

J?f |
L e
BN
[

im
o,
filo
ﬁ
=
El
<
pas
s
o

of
il

=
2
v
©
rr
4o,
i)
2
>
1
re
juf K
ot

L
oo o

et M

o

o

fr

r’l

e}

OB
maﬁ
]I_;
N
N,
Kl
30,
rr
el
)
=
ol
K1

LEL

7

1
o2

o] 100kPa7}A] = 572§
] A

Atol& 73714
H| 517 ZAashadch a=u Afo]E 314
$= 2 ks dEA 59 A71ek ARt

)
rr

| 7 2 4% A %

8

B —&— C-1(0 day)
51— —=— C-2(10 day)

| —£— C-3(30day)
4 —=— C-4(60 day)

L —8— C-5(100 day)
3
2 -
11—
0 L Lol ! Lo
10 100 1000

Confining Pressure(kPa)

(b) Minimum damping ratio by confining pressure

Fig. 14. Minimum damping ration after artificial weathering



—&— Freezing-Thawing(Cycle 3)
Wetting-Drying(Cycle 3)

L1l

Artificial Weathering(30 day)

Natural Samples

350

300 —

| |
o o
(=] wn
« -

(edwy=wo

250 —

—&— Freezing-Thawing(Cycle 1)
Wetting-Drying(Cycle 1)

Artificial Weathering(10 day)

Natural Samples

100 1000

Confining Pressure(kPa)

10

100 1000

10

Confining Pressure(kPa)

(b) three cycles

(a) one cycle

—<— Freezing-Thawing(Cycle 10)
Wetting-Drying(Cycle 10)

Artificial Weathering(100 day)

Natural Samples

1000

100
Confining Pressure(kPa)

350

300 —

| |
o =1
S D
« -

(edmyevo

250 -

10

—&— Freezing-Thawing(Cycle 7)
Wetting-Drying(Cycle 7)

Artificial Weathering(60 day)

Natural Samples

1000

100

10

Confining Pressure(kPa)

(d) ten cycles

(c) seven cycles

Fig. 15. Comparison of maximum shear elastic modulus by weathering conditions
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Fig. 16, Comparison of minimum damping ratio by weathering conditions

41—  —&— Natural Samples
3 —
2 -
1=
0 I B 1 T I
10 100 1000
Confining Pressure(kPa)
(a) one cycle

6

_— Freezing-Thawing(Cycle 3)
5 o Wetting-Drying(Cycle 3)

[ —=— Artificial Weathering(30 day)
41—  —5— Natural Samples
3 -
2 —
1
0 I Ll 1 L
10 100 1000

Confining Pressure(kPa)
(c) seven cycles

2o AdedA e Fekedod Aaglol FeeA
27)0] G2 T2 sk WY Gashs Bo| 2
oM FEE Btk Iy Fa-dx UL ARl
2 19 282 Woke o o e S8kl vis A
A7 o FAT gaE et ol M=
7F 20 AFA 54 A=A Yehds 5400

L &dto] Z71ERE ARF oz HF
S YT, AR 7F 274 Ha
o 71O

AR e HYARE AF2Ado] flaL FA| 2o

N
4
il
g‘L
X
i
o
I
XN
52
i%
o
T
ot
oM,
o
|o
b
ik
i)

Acknowledgement

“This research was supported by the Dongshin University

research grants”.

References

1. Chen, A. T. F. and Stokoe, K. H., II (1979), “Interpretation
of Strain Dependent Modulus and Damping from Torsional
Soil Test”, Report No. USGS-GD-79-002, NTIS No. PB-298479,

4

X|gHetd Hatof ME PES SHMEY 51



52

U.S. Geological Survey.

. Eigenbrod, K. D. E. (1996), “Effect of Cyclic Freezing and

Thawing on Volume Change and Permeability of Soft
Fine-Grained Soil”, Canadian Geotechnical Journal, Vol.33,
No.4, pp.529-537.

. Hardin, B. O. and Black, W. L. (1968), “Vibration Modulus

of Normally Consolidated Clays”, JSMFED. ASCE, Vol.94,
No.SM2, March, pp.353-369.

. Hardin, B. O. and Drenevich, V. P. (1972), “Shear Modulus

and Damping in Soils : Measurement and Parameter Effect”,
JSMFED, ASCE, Vol.98, No.SM6.

. Kim, D. S., Ko, D. H. and Youn, J. U. (2004), “Dynamic

Deformation Characteristics of Granite Weathered Soils using
RC/TS Tests”, Journal of the Korean Geoenvironmental
Society, Vol.5, No.1, pp.35-46.

. Kim, Y. S. and Jung, S. J. (2007), “A Study on the Strength

Degradation of Weathered Granite Soil by Freezing and
Thawing”, Journal of the Korean Geosynthetics Society,
Vol.6, No.3, pp.1-7.

. Liu, H. J. and Wang, P. X. (2006), “Stability Analysis of

Loss of Stability Caused by Freeze and Melt of Earthen Side
Slops of Highways”, Journal of Harbin Institute of Technology,
Vol.38, No.15, pp.764-766.

. Lee, C. K. and Kim, D. Y. (1999), “Dynamic Behavior of

Decomposed Granite Soils with Various Fine Contents”,

SZESHRIR=EY M3 M1

10.

11.

12.

13.

14.

KSCE Journal of Civil Engineering, Vol.19, No.lll-4, pp.785-793.

. Lee, K. L., Kim, M. J,, Kim, T. H. and Woo, J. T. (2012),

“Dynamic Behavior Properties of Decomposed Granite Soil
varying Content of Stone Sludge and Bentonite”, Journal of
the Korean Geosynthetics Society, Vol.11, No.1, pp.35-45.
Lee, K. 1., Young, Y. G. and Lee, J. W. (2013), “Particle
Crushing Properties of Decomposed Granite Soil due to
Changes in the Degree of Weathering”, Journal of the Korean
Geosynthetics Society, Vol.12, No.1, pp.1-10.

Yong, R, N., Boonsinsuk, P. and Yin, C. W. P. (1985),
Alteration of Soil Behavior after Cyclic Freezing and Thawing”,
The 4™ International Symposium on Ground Freezing, pp.
187-195.

Yoon, Y. W., Kim, S. E., Kang, B. H. and Kang, D. S.
(2003), “Dynamic Behavior of Weathered Granite Soils after
Freezing-Thawing”, Journal of the Korean Geotechnical
Society, Vol.19, No.5, pp.69-78.

Yoo, C. S. and Shin. B. N. (2011a), “Effect of Cyclic Freezing-
Thawing on Compressive Strength of Decomposed Granite
Soils”, Journal of the Korean Geosynthetics Society, Vol.10,
No.1, pp.19-28.

Yoo, C. S (2011b), “Effect of Cyclic Drying-Wetting on
Compressive Strength of Decomposed Granite Soils”, Journal
of the Korean Geosynthetics Society, Vol.10, No.4, pp.19-28.





