— =
4 EFH S

11-1613000-001556-01

off &

N

o
R
X

2016. 07. 29

T

L—

|OF
|oF

ChI)

IS
=

1
-

24 C}

1 =

HIOh =

|| || | l
97791195"544738 ||||| |||

ISBN 979-11-955447-3-8



o
_z_.E

A==

7] 71 N A Y] BaMz AlE

2016 . 07 . 29

s
T
Bo
Tor
v
=
Tor
T lof KT % B B
i OF A7 B0 RO H
TN KBNS o

o % o

,_H,H._ ,nluﬂ_l_l



B4 ok
ERPRCEY

2015.08.27. ~
_ | 15CTAP-C| o & & A |2016.08.26. / (g eAD/
T LG0T o B2
IS 078764-02 | & 3+ 7] 7+ |2014.08.14.~ AT (& 4)
2016.08.26
ATAA T FE P EI]SZE ] A
Zq/b}_c'l] H] JA] © o =z 171 1=12
= o SIHE olF
I’}Zﬂ%‘ °Ho7] ono —-—Hie HJ’ 027] qxﬂuﬂ]a
A A
HNAY | Y] ohF SEE fg £F7 GEY Y
3
1<
2A777 | 2 69 71]02’0.0 OX;;‘J_]
AT LA | 29 ol juosw oA T8 T
A7PE | 9% 1
i :100,000
ke
ALr|oE 9 _ o _
s g v | B AR | el
=ZATsATL (Ad=T A= A7
RoHATLATE FHoR AEA 5004 o) BaAEs | 100

B AoAe FsteroAe AutAzrol iy EA

d& mefshr] ffsf A=(180)% 9
SF2E(=3T, -80)A4 tiAdeS +¥stden, 2 9 &3s WE A4 AMA =Y
ASASAY, AARISA, =25/ ds S0l 2 3 gdlol me sl A=
AeHSE Wreh dok2kolA i Al d=o] Ao Qe Ayt das Sk
o, ASAFAIAET -8TCoA e A= A% 50%°1de] A=gdas HY. Eot
=29 Alde F9f s2sslol WE T HAE ERIEAE. 2 ATolM AR AE
AWE Afger Jotex -3C7HAe 547 BRAEol 7hsstttal mdEAR, -8Cols}
o] 2roMs Aol Asprt FxE0] gl e mE Aor woHo] ggAE
= AASHo FAdEsiHa wey

& ol of = FYotek, 259l =X A, 54, oA

sub—zero temperature, freezing and thawing, unsaturated
(7t 5 o) | 4 o e 8 ane &
soils, soil-water characteristics, compaction




ATAEIA e (EH, 2ed, ¥

=

I.

I

okl

K

7] o

g

L B4 A

o of

B!
__o_l

. e

AA gom, A

7%o] mhiHe]

__01_
o
ﬁo

Tod

71 Aol o

el
Ho
o

o

5 =]

<]

7ol AR =7 &
171 AbaL o

S

KM
Ho

110

oF
o

I}, whatA

s o] Bbss

=
-

|

.

o
&
K
o
A
o

.

ol
~0

o

=z]
=1

Sk (-3C, -8TC)oflA ot

I A2 (18°C)7 96

5]

Br
i

o] 4

d
g

Al

ol
Tor

e

il
o
Gl
"
Tor

N o ® <F
A =
LR o w
< T T XK
SR
N
N ~ ol
iy TR &
w < o o o
T B OAK X oar
. B g T4
Wl D= &
g = 9 il
Bl SHn ©F
O . T
. WE
o |
| we oA B o
Pomd %25
KT BB 2N
o Rk =P
E__- o o = ,;.mu
= Z o S =
H M Hlo | T =2
1D| Ot — O_E o "
o= 2Ny 8
U 2w g o
Ho Ho o =
O , © @
o RE T+ o/
mo | __ B [y
=0 |0
K |z A Kl
< _._,._A_ﬂ =y ,_.#_WL Ho
IA
K = <
o N
Ere g5 7
~ o —
.W.J N ™ 2 W/a
Ho <
om wjr bjo
X= |O _
m"_ o} Mo m° Ho
I ‘rAl o
= |7 pe o
B |Bo y of N W W




O FSLE(-10% o)
Aol B 54

of

2 Auela AP
o] e ohy =4

I
49

(oo
B

|
f

Aew -8 -30l4e]
Zo} AlgRe] we o
=4 wish mo}

o, rl'Oo

- 3%F79] ESIES tiste]

= A5H9 WOE 0~7%= FF3era.
® Johnson (19620 HEH mejz Lo ofE thgTA
o] Age wolstar, L=t 24T oA -12C2 dolrlo
et ARAZDUEE EG WolAE AT lsgon,

°[g Fdl 2&7F 0T olst= WopxA =W o &I 4
ads ARl 4 ot

@ Heiner(1972)2 stz &7t Wotda= Jditky
T7t ZAast, dpHE 520E AUHREsE ¥ AsH
Hashs A= Fdstt. olE Foll Foke] koA o
Aart gaste A o 5 Aot

@ Haas and Barker(1988)+= &<rH|7} S71d45 d-59] &
7dol A J4Ee Edstlen, epHl7t 5% olstd B¢
o= dedolalel Ao Hwd FAsHA UerARE gk
H7b 5%X e 2 Zfole d39elze A7 o] e E+E

sHA F4HS Slstact
@ Hass(1988)&
o] AzxEFFo] gAasts &

Stev2 A E Az S9esHe WG ATEY oF
75~80% =02 HAAZASHFI -G e B

- 47 Al tiE sfie] ZlE2A
@ Freitaget McFadden(1997)oll4] &g 547 454

71Eel w2l 87 4E AE Al T2 2 I ARE

ARgSRAL W2 grlo A AleE AAISHH EAb] da%

O ASHLE(10% olaelAe thd 54
- 5 AYHIA AR FhTl B2 by 54 Wet 4
0

3 BASH) 98 BE FHAE
A7 gF YEAYN el RSkt PEAYAE




- FERE -8, 3EoA9 2ot AlFEe] wE o

2l

xel

7t

=

o

o A7}

2]
™

g AS o

=

A2E -8, 3xoA gHoUAE EE AvdlA

5
Q@ 5ALL -8, -3L oA A

4 Doz ofF 5u

@

=

%

g

2ol A]

5|

o 9

%

=L

"

T
Gl
,..._Alo
wjr

%

E

=

7}

1A hepdet,

<]

>

[e)

Nl
=, B A

3}

1

oA o] w4

il 71

O

=

o

=
g

5
iy

Eis
o

-
AEE

s Al

o

]

2]
T1

SIE & RL7b wopge] et

Ix

shof o}
S
Feout

°

ahargo] 9

Y

3

T

StEo] o
u
)

Ix

S
sAeEdN o Az AR Ae1sD)ed

il Al

S

s

.
SE@Y A9 thIAEANE vgos Ao
o
B

o

SFRZ(-10% o4 o

—3C oA

30%7}A]

Ix

K

AT A 355
q.o

A

=

® FH2L -8, -3koflA A ot
=

3}, 257} wobd
- 3379

A]
O %

oF

o}

o

&

SA]

o)

o

T

&

AR o | @

e (-10%
A= 9]
oF

3
o

7t

%

g]

-

2(15%) |4 <]

o

O




=
=

date] ¥A =

EX
=

2]
T1

T

°

REsR o

T

o
il

5 7FAA ZFEe] A
O TDRE o]&

=

el Al

S

Sk

K

T

__01_

oo

- TDR& ©]

o dAHe=

5

Hu]7F —3Cof H|

St
=

w3} o}

—

Z]

ol

TR

7}

e
4

ko)

w3
S|

17] Azl

o8

oA

dare] A

wjr

—

,_uul
gl

o]
1

S | O -8TAY]

<]

- TDR& ©]&3 %

ch A

=

T

o

to] ex

o

A= T

shp, —8Colate] £
Z]

<]

=
o

22 o

°

Agol 7

7}

-
()

H

=

ot
B}

s}

=

o

=

Fofof
;é]l

=

o

1

@ 47 HAol =

52 P
oA




o
N
— 0 or o
N = N
70 N S Hou
T A RS ,.w Q_J \__ob H_.E DE E.E
_~ _ G
ol ,_.u__._m E ol .% X [ N ® A Hr R ,
N ul E o = ToA X W,_bl o X L
S.L — o _ H__ﬂ_ X° 0 U_W ET H__H 7AO _ q ToH 1D| 1;
< % S B [ B L )
0 o oﬂL Mo Ww B = o= MT m o 3 el Al En_% T A
et flo® D 2 = N Vi T N i T Ur mo = W_ T W
£z e owEr L 4a L] ﬂ%zﬂaw e
5 A o R T o o P X o T 5 Tef o b
C o poomE A i uwﬁégﬁ B
b = G S TraE® z A< N o
o b < BT wo T © o SR E & T 3
— - 5 b o ,|o_|,)A|_nI R ‘DI,UIE B E X dﬂﬂ”
~ N T ~ T oo < Hfdnﬂﬂ e s N < )
e o= = o o T = < o| W 5 N M
Y G %ﬂo_aljx ﬂ,_opu%ﬂ w s
H Ho @ B (ERINAGIEN T 70 oF Sagl o (N
o IL}OLM,W E__%%}ET i1}§,_|o1 B o I o
,q N ~ @.M _HI [=<¢] .b_.E ‘._.O_-O _~ ,_01_ Dn_ N __O.._ AT 0 a ~ ,LlL q dﬂ
) ook no X 5 o NoEaw ™ <+ o U T
N i T o T s i~ or P M ha w9 B2 X
o T = o ul o A F oo I . o o o e
" o e [E pa sy g ﬂﬂﬂq_mﬂ xE i
W ﬂﬂ% %mne._o_eﬁ o:o_amiﬁm7£ ﬁl&]ﬂ T
E ~ LS - = W |3 d@ﬂaaan7 N woa I 21
o| . o - ~ Uk T ~ 5o < Ho S e ol 5o I o ol 1
w & o B To- H A Ho o < TS - Ak X
ueqoréﬂoc,_&@r E_ﬁ7¢ulm_ﬁﬂd%w_r_ﬂ@u,frmm G oy o A Q
X o @ 0 =0 X O_.O ,_nrD T 1 — o Z_O o 7 R ] = -
Z o X Bo 1T o o0 NE ToR o) & do = < T o 9 & P
o 0o o8 o 2! = = Mo m = S = o S
o LB fogﬂ g PSS &% o
o | HJ e ﬂ}ﬁaﬂvo_e -
It B B ol K T B W T T T RN = is
. T B 7 AQ_OMAHTwy oy e 5
N T ed Hr 2 ol do 7RO G £
ar B 1.% - H_o M, , © N B <
== n_AIL T - ol
< = = i 22 <+ e
‘Id_H N ”\ X E n_AlO = ;OD ‘mn.._
ile) ﬂ —_ _z_ﬁ O.f E—_v ~
D 4 o R
R E & T r B
c53 §2 ZE
38t
o F T nal i
I tHo T
N KO L |
o —
momu%ot o T T & H
= a- | =K ~3 %0
& X o WAI M oo T W
[l ,Mﬂ 4 of m_v._‘
GGl




Fen gdelde FHEYNBE 5

Clausius—Clapeyron
[}

@ <

n_mo

J

aste] o

T

oot =7t
ot

S

5

S g e

Agte] W] A

__ﬁ

©
o

o]

.

£ oo

5

- -8, 3% Alge] o
O we exod o

oA

]
=

stEQl mEAR BT Fo
Ag BE dxs) dol

T

K

2 wE

@ Fredlund and Xing(1994)2]

To°
)
—_
1jo
N
Nlo
)

<«
g

10, 20%] HFEA]

2g9lE

3

1%l

-
[e}

Ag AR FE wigow

Al
=

= 2ol

—

I A=

O|

_(')4

L
__OO

JJ

Tor
ol

o

Hr
n_mo
wjr

ToR

&

<

=L

"

Tor
Gl
,.._Ano
wjr

ol

)

<
5L

(=
e

o




|
w2 mm m BT
o X T
_Ml uir mo HLWM_VWWM < &
<k el X OHE T X TR K
alo R mr T T o~
o S G+ o § o B T
() L W i g X ol w P wooo™ q4 =
t5 Fey Elegt ST E AN EEERE
e {F o aw __bﬂ T o i 2 ol o 70 b () " Pﬂo,_ -
T R L x N Hezxs ¥ gonu
i oﬂgoﬂdmnovz_oaoﬁo o 7 3 . Hoax
ole 2 b do oy W T El o ) oF 25 N o ¥ w d
WH ‘m.ﬂ_mﬂ e @o%o@%dﬁ 1o Ln_m_ i ol " % ,_..rl ﬁo,zl_ulnmoxmﬂ 8 M 11_,.|, %ﬂﬂo
o 1= " e 0 I .
FE CEY gipecgiit S TR L L T itz
0 = & wammmgu%@% o B %%g%ﬂm i N
0 o 1
= = o 1@&%%%% o PN % TR o & 4 o
T By R op T ® 0w E L 70 b B I R ] m W =%
- b @;aﬂ%%g%ﬂa I B BT ol
T N4 T o} =y T @ oo T o ﬂw e o H = dﬂM o o ;oT ur o N iy
o < ™ . e T R 2 t by o o = W o N N
n N 9F A i Mo N T o o 2 o| o o ) pt
G &+ & %@_aﬁaaﬂ}mﬁ17 Lw'ﬂq.a] & O R Ro A S T
2 E SEifTERERT ¢ s TiTzaiss 83 Togrs
—_— ] ) ] I _—
T wf,olg Htloyuo__ﬂww%% CRE ﬁﬂ&%%%ﬂ& ITE ﬂﬂﬂ S
o| ot D auﬂu}ouﬁ_. of CH UG o i B O RU
_r o WD e N T T T XA I = o o
mor = ® N O a X H ml)qg. i Tod e]ﬂﬁ/oo_aogL_L _
%ﬁdn@l%ﬂ‘uf_ﬂnﬁom.mﬁ. o}/ _n_monuo_apl}aax1 %M.Mo_. q %
Sy ) & ﬂuﬁ.ﬂuﬁﬂﬂi&ﬂ% ny oF an ™ "
SRR R BRo g P m & = K wm® R O o
wE <k 3 %@50%31 > =% < B
< | ol G o o Q BX
O o —_ — U do P N SN o
| @i®o@zy%. @/@5 o g
H B w N i 2y Swh
C R © B o 5w Ho T & ™
M N H O i o o up
o o W W X
_ e Boor ©° B
4 m_ . ® mﬁ
op Mt o o ap
s H W B _HT. RN
%o N E 50 T L
o7 %o M T T°
O o uf o oo W
| w o
o 3
O




=
mﬂo No o% o B %°
017.#5_&@ T H
< ] qu 150 eyl o N T ™~ e
o B £y RO H}LmTo_L = RO R
o i 2 X0 o T __1oa o fa <A = o o )
owgﬂ:fﬂumg anma_aﬂ =0 T ﬁﬂu.E__ﬂao W x ®
W%Ho_aﬂﬂz Erdq = =T TN SN Nz
wm}%oﬁwﬁ% E o & = moﬁﬁwmg w A P wonwum
1jo __OL ﬁ_.: 1 K= K ox mﬂ ,WN_ ™ — o ﬂ E._O o 10 | N
%Wogoﬂ_uue_aqmo @.Waﬁaﬂ ™ ﬂ_m/a xmmw.ﬂnﬂﬂo leoﬂ ﬂ_m._ﬂ‘_ﬂ
AN mmo%o_um_ou ° c_OATAT i o E._n__mouh_ﬂﬂ@ Wueﬂ% Hln_rmu_.,_
A_.WIOEWI_MES,ﬂoﬂl,DI.ﬂH,OIEu_o_H \,_ﬂl B ,M__vLZ@w‘mu oﬁvnmoﬂl \mﬂﬂﬂqoﬂ
1255 c3fine g Pilrrr iz il
}jﬂﬂ_aaofﬂa__oﬂz@ © 5 IRLEeE sx LW
__OL__ouujlimE:._ﬂ_a o T ulr B S X =a% Mol
~D|ovo _L,._Uu ﬂo_Lﬂ.ﬁmﬁ o E_E_/DO_H Eo]E oA
ﬂ1ﬂ}50_e AERTE A o BT o 7 o o c L
o N =2 oo KO RO oo ToR 7 oo 0 gy o ap o ar N X
o oy Ay g oo M o) B g Aoy PagT NF o
ﬂoﬂmmT%ETﬁEﬂ7AdAlﬁﬁNOEo WM < EOWWMTWME ﬁEﬂDW,q.__o_aﬂLﬂL
Bo ﬂlﬂom._goﬂu@ﬂ?_ﬂ. o’ oH o_,Jlﬁ.m MM Qﬁ@%@mﬂﬂﬂqw
X4 ﬁp.%uan__o_amu%u. X _- X o ™ .auymoﬁ_dﬂél
ﬂﬂﬂna‘ﬂﬂ@o_aw,ﬂ B ° @Mﬂaﬁﬂqﬂot%ﬂ%ﬂ%
mmgmﬂ%_d%?%ﬂ%é% o I QMHTO_D%ﬁﬁ%@;11_0%5”
Y ! ﬂ o
M_ﬂow.mMM”MTEL_LmEQ c3 N %Qmmi%%%ﬂw“ﬂmﬂmwm
lo KIﬂlMMOO o __on,.AIVﬁ_. ol = = W s il 0| " 5 EMM 0 T o %_H
_iﬂ@%o s m_"o il ﬂﬂm_ATﬂWo_dﬂA ﬂ_‘ATLET_o__o
—_— o < 10 i —
W w B _Hﬂm_ﬁfﬂé%ﬂ;xé
© Z@mwlwqﬂ/ri_.1aﬁ.aﬂﬂaﬂmwu_ﬂwﬁ
HLZ_O}V %1lﬂﬂﬂ%
= o H_,_U@wro_/ ,iqw
i u B © N X
LB I~ o oE
o o
3 au,ﬂc
i = U
45 br3d
— ol ﬂowﬂﬂ
T e (B
H%_/ gy B E
i oMo
o_ﬁoau% Broop F

- 10 -



W@mﬂmu
® oF To KA TG
9 o RS 1
1wa_a:_ﬁd1dlmem%é
u,xﬂ/rﬁﬂwmat W_o_o]o#e 1_|
ﬁEEOw_EfAIﬂlﬂ_/IW,_ﬂ_'O MOMEOE.*
Eoﬁxa?ﬂllo_uou T o
Koo o2 v N e X
S wlmeﬂo_@.ww OM,%H = ﬂihaﬂﬂl
F_oﬂ%%owgﬂd @14}%3%} zlxmmaﬁﬁﬂ
Moﬂe,_._m@,m_ho‘_i,mm__ ﬂ_olL_o_vaﬂqog‘__wL ,mum,_ oﬂ.la._._
ﬂv_.lo__oaioﬂmﬂﬂn %__oeﬁ_.ﬂﬂo E,_hwmﬂzuﬂﬂe._
AOEBT Buﬁai oﬂ]fﬂé.i o,maMdu%Edl.
Egﬂ%%z%m O_E:M_ﬂ%y@ ﬂw1z%%m_%
%%%@E;@a 52 b T FogETe
aﬂ@ggﬂ@ E_ﬁMa%ﬂww @&%ﬂgmg
w%guamﬂu o e iy w}q@uwg
o T 6 O T o o iy 2 > B o P w N
Eoﬂomoo_f_owﬂuﬂo ﬂﬁoﬁﬁam& mwunquo_EzoM
AL S 11I0ET =ZozEzs
Eoyﬂullﬂ%ﬂ < - g_oioulrﬂ Vommﬂﬂ#éma
! TR %Eﬂﬂﬂaﬁo% T b § W
Mio:._o]odo 7 ﬂ;v_ﬂoﬂ]__ourm E._ur,ATn_Ale 3
ﬁuﬂu] ~ n_.raw_m 1m|umo1_ﬂu]7 N~ __ox_Llﬂ o
‘rAI__OWIAJ:AI 1;1_,0|O1_ ]ﬂ]7,|o@.a7 Oﬂwi_/ O_E_l_._l_lj
1ozu]£a]A &|Z7 = ™ _,__v_,T o
%IWNEW@:Q Eﬂoiﬁ_a_ﬁi 7@.@%%%
q_m/oﬂTJ|UO_aﬂﬁ_ i,_ﬂmo_wqw,_@@ M%HLLH._,_Eﬂm__W
= —) o X ol T
M:,WOH‘%E . U:..__.__u‘_.,m.qo i JI O_,._ O_"E (3 o ° O_E E_l ﬁDv_._ﬂArﬂ L.__L < B
< Eq _q Ao ! ﬂ.,u! E._ ‘I.mﬂ_ DU‘w,lr
oy P ) ~ 2 58 N i 5 5 iy 5 o
@ﬁ,%a_.qﬁab.du T - N }ioru Ezﬂmx
MaiﬂmEMEO__oﬁ_ o xmﬂo_eﬁﬂﬂa# 7o_m_ffﬁ}%
Na_ﬂ_ao!” _Xle_,_Alwr,_ = ﬂ;u_,,_ooﬁmﬂ = Salinc Quﬂaamﬂ
aaﬂplm_ﬂAE,mﬂ K Jlﬂ_.l}umo7__oe 107AEP1MU7HL|
- o K e == N o T X0 ° -
A,._.OAT o N 7o ,m.x_nn]]E_ﬁBu] o_eV]] =
ﬂx o_aﬂ}onvC]ﬂ n __qu_/l _n_ondn Otmq,mlqu
%ES_E@%ysAq v ﬂi;iﬂ & &FEQME
]105] o = A_.v_oimﬂe_a ol (T = X
ﬁm._aﬁﬂ}x%n_%ﬂa =2 _M_.E_E ﬂuE__ﬂ T = fm7 o
(e X I = J-
IEEEELTE 7 Cfeiiia T gpEoiiT
Beziiiis 7 EREILE T 2ifeiry
@W@ﬂ@%%@ | ﬂ%%@@g% o Ml&%@%ﬂ
é%_gmigw > mﬂmaﬂmgh T noazq o
<ol % %ﬂﬁ%h_oﬂhz - mmwurmwemmgo%
~ —_ f °
qmyg_ﬂo@ s ;@wqmﬁ%%
NAE_E% ° = o E1%wﬁ
EOM}L_OQ ng —_— O,H/XO
o %O 5 A 3 2 B R
o ﬂoraamﬁo%o
R}%mﬁiﬂ
ﬂ_AI_L _,AOO

S|
S

SAE Al

I

- 11 -



SUMMARY

Construction activities are thought to be stopped during the winter season, but many
construction companies are enforcing construction for the reasons of shortening the period
of construction and pursuing profits. Particularly, it does not have a definite standard and
field tests for the evaluation of degree of compaction at the frozen temperature. Therefore,
it is difficult to predict the potential problems of geotechnical materials compacted at the
winter season. It is necessary to understand mechanical properties of soils compacted at
sub—zero temperature and performance changes with temperature to prevent possible
accidents in the thawing season. Furthermore, in the seasonally frozen ground region such
as Korea, freezing and thawing are repeatedly applied on the ground and it is expected to
change the mechanical characteristics in the unsaturated state. It is thus important to
understanding unsaturated soil characteristics under freezing and thawing condition and
sub—zero temperature. Therefore, in this research, the compaction tests on sandy materials
with various fine contents and domestic weathering soil were conducted under various
temperature at 18C, -3C and -8TC. In addition, the unconfined compression test,
volumetric strain measurements and unsaturated soil characteristics tests were conducted
with various freezing and thawing cycles to evaluate the performance of the geotechnical
material throughout the years. Based on the test results, a compaction technique was newly
developed to minimize the mechanical changes occurred during the thawing.

Based on the compaction test results at the sub—zero temperatures, due to the
reduction of the compaction effect caused by the development of the ice, it was confirmed
that the maximum dry unit weight of the soil decreased. It can be implied that it is
difficult to obtain a relative degree of compaction in accordance with the specification at
sub—zero temperature and compaction energy should be increased to obtain proper one.
Based on the unconfined compression test results, since the reduction of the strength and
change in volumetric strain between the freezing and thawing temperature obtained from the
sample compacted at —3C are negligible, earthwork at this temperature can be performed.
On the other hand, in the case of the test results at —8°C, since the strength reduction rate
of the samples presents distinctly by 50% compared to the room temperature ones, the
structural stability can be affected by the reduction of the strength. Based on the
unsaturated soil characteristics test results, the weathered soil shows that the suction force
decreases with increasing the number of freezing and thawing cycles for all water contents
and the suction force applied to the freezing and thawing at —8C presents more distinct
change than tests at —3C

Since the suction force is increasing shear strength by making negative pore pressure,

_12_



the reduction of suction caused by repeated freezing and thawing cycles at —-8C can
severely affect the stability of the superstructure. Based on the all the test results presented
in this research, the suitability of ground materials for construction in winter season is
evaluated and the compaction guidelines are proposed. The coarse grained soils are the
most suitable ground material for construction in winter season and the water contents of
the ground material should be kept under 7% to minimize influence of frost heave. Based
on the experimental research presented herein, it can be concluded that the earthwork can
be performed in the winter season where the temperature is greater than -3°C but the
earthwork should not be performed at the temperature lower than —8C.

Due to the guidelines presented in this research was made on the basis of the results
obtained from laboratory test, it was not taken into account the uncertain conditions of the
field. The manual should be adjusted prior to the direct application to the field based on

the model or field verification.
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T e HE FASHES sfiof . siiTIvE AFE] Aol 7] AstE A%l AS
Hprb Adgsoforeitt. B 22 A mue] HAE =7 HsPt FRAME Y ofshA7]7]
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drtH o g EZAASto|A ZIIE o|ES H&ol= A g AA AN EXIMIEHE &
Astarl glom, ARl Bxst EA AtHolL Aqf Hol JREA Hal ofle}t FrEA
o Fatt IF= mAL Ut FHF, FW AHEEet Fopol Ak East oo tigh ¥iol
S7¥otal glow, ANtz e] Exst E4 HrtE Qe A47F APE L vy B Ao AdZ
o] oA, Fotko] WE EE3} FFEALS Tofotr]o] Avtet AFSol Wl 2 7HA] e
Skl
1) EX3IES] 7|Ho|&

A|7A] AREget ZFopolAl P EI e HFEEY] A= Terzaghiol osf Aot F88
Y ol Z HIFOR Sl RIEE FAHOE FYPEIT QAT AA ARk BEAo R ZIEo]
U BEASE JH=E EARTE ZIES] A Ih=o] BE 22 A o] HFUAe @A
o FFZXE olFE WA, EXIIES =2 =3 F77F @4 EAct =, 371, F9A A
AFZEE Y 9 145 EXSES] TR E Uil ol 5ol EAcks 2 ¥
7] Atololl= =W (contractile skin)o] EA|stH, o] HZ Apolof| WASH= FEHFE (surface
tension)& ol BEAITEGo] FlEE 5 SXIFES AH Ao 8% dFS T

AlR

CONTRACTILE
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3 14 E2x3tE 9] A% (Fredlund and Morgenstern, 1977)
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Z3e AEhe t27] 22351 bt B IE 42 (matric suction)o]2t Bgl 9] 713
ool WAt Hytgaele EESIES VP Fatt B4 Fo stuold, fRsEE dAaA
7le &9 Eedie 2989 frasEe S7HNPIY] diEel EXehANE ZopAHhE ohE
AsS YEPdATh &9 &4 (soil suction)?] o4 7IE 19009t Eg=dstolA s 4
Mefdon, Fetael EA Wt £xst Ao FHEL g9 =R A4 (tansport
research laboratory)ol|lA] A7HH & EE Hopof TIE It

nassge 71 Y 29 AfollvA] Aei(free energy state of soil water)2 A o|E|H, =}

O

oA FEZ 7| (partial vapor perssure)®] Fei2 ZAE 4 Aoh(Richards, 1965). &5
i REZS7IFE] st Rl WAE A T3 o] yEhd 4 Sl

A7IA, ¢ =&Y FTFHEEHAEFTY (kPa)
R = A7 A4 [8.31432 J/ (mol X k)]
T = A% [7=9273.16+1t° ) X k]
t° =AR2%(C)
Vo = =2 HIAA [1/p, (m/kg))]
p, == LE(t" =20CY W], 998kg/m?)

w, =572 E25(18.016 kg/ kmol)
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APARS S 5T F42-g5uo PAO] A AN fRelq AsHoR wskshe 1
9AE, BE4A4 Sae 99 dgHon tehyx] 2ot mebq gHEAS d4dorn nd
s17] 913 WA mde] @ A7r SaEglon, qiEe] mEe AfAde] dinne =

AeZ(curve fitting) S Eof =3 WEMSEL o] @sle] TE WAL
and Corey, 1964; van Genuchten, 1980; Fredlund and Xing, 1994). & 12 APAAZ=9
o) Agre BrEATHL) BE WA ndl 5 Ed RUES ok wolch

P& AE GHEARA BE A 2

A2 dFde A|oHA]
d 1958 0= ———
Gardner ] +ag¢7zg
Brooks & Corey 1964 0,= (%)Ah
Williams et al 1984 Infd=A+RBlInvy
kee & Bumb 1987 0, = L
Mckee um " 1+ Aexp(agy— B)
h 1980 0 :
van Genuchten n = Ty 11
[1+ (a,0) "1™
wS
Fredlund & Xing 1994 w(tp) = C(y)

Inle+(¢/a;)™]™
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A=A ExsadEE s
v, = 37| gke RagE
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0.45 4
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e
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D154 - — —sokPasFCC 100KPaSFCC — - - A00KPASFCC ™
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OEELEERSEEY
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o o . ) Passing percentage
Liquid limit | Plastic limit | Specific gravity .
of No.200 Sieve USCS
LL (%) PL (%) Gs
(%)
Jumunjin
- - 2.61 - SP
Sand
Kaolinite 47.55 31.71 2.49 98.55 ML
Weathered Soil
- - 2.68 21.72 SW
(¥ A)
Weathered Soil
- - 2.71 19.84 SW
(&30 A)
Weathered Soil
- - 2.74 21.13 SW
(&<l B)

AlgE ool ohe oSS metshy] Sls FRA EEAY AYES 0%, 5%, 10%,
15%e] FPuI2 Edetel ARE Sgatsion), olx faA QuEd Fud A &
Fol 20% FEEES, iDolehe FAATE £rfz st Ao QgL d
TS GF713FTA (Zero Air Voi

%2 volg Wast glo u §
ol S ke WS AP, e TRl 71948 ARel HFo) AaTE A

g %

o
o oy _EL
oo T orfu oo

jus

Sand 100% Sand 95% Sand 90% Sand 85%
Fine 0% Fine 5% Fine 10% Fine 15%
Specifi it
bedt ICGgm“ v 2.617 2,616 2.605 2.601
S
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X 3700mm(H)o|™ <F AEZT
7Fsoitt. 19 232 e YsAd

- AA FEAE M 2ASE] S BE AR 2271 dASH fAE
B Yol A A=t g YEAEH e 271+ 4,300mm(W) X 5,000mm(L)
£ 53] -50TC ~ 50T 2=HE 0.1T &2 Aot
AHjel 25 AEZH O Aoty YaAdHe] 452 &elst

7] 918l Baker(1976)f olaf At TE A@ 4 HA Al 5|82 AE o]8otiltt. & 4=
S22 AR Ye& YEd Folw, 19 24+ YEAUH AP E AT
AlZbell wret vebd ot WEAAH e 2EE -10CE AAstde of +

7} BHASHE AL B 4 9low, o]= Baker(1976)9] §&2%a 71E +0 s

S Hgstrlo Aget AsdS skt mata 2 AlFoA
T ~ +0.5TC9 3|82EAE sty AES

O

YEAAH AJsol o U2

= —-3C<t -8To tigt +o0.

79 23 Aol AHE IEALNED ex =S G
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® 47 2rox BE AY 9 A A 5182=3} (Baker, 1976)
=) 0~ -2 -2~ -5 -5 ~ -10 -10 olst
S 8-252KHC0) + 0.1 + 0.2 + 0.5 + 1.0
Time (hr)
0 20 40 60 80 100
0 | | | | |
S ]
o |
e 5
] _
g e
8 12 —
E |
B~ 16
20 —

@ $o1A A5 weka] e 52 2§ BAxA

A7) HHAES oA AsS metolr] Yt 52 9 g8 dFS A5 flste] 2=
etuofA BHaotal Qe JeAdH et 2575 ARt 9 255 Ag A Y
ZAoH e} G710 AFFolth WEAeH el I7]= 500 mm(W) X 500 mm(L) X 500

AEEHE 53 -20C ~ 120C9 2=¥YE 0.1C HY=2 A7t 7153t

ot EoF WEAdm ol AL s ZH A} Baker(1976)0] Q& Aste FE AlF 9 A%
Al B8t 7)o WEohs 52 Efudo] dEAIdH e deol ofl AFE ZsPstr
Aost Aede stk F2d5719 271E 500 mm(W) X 500 mm(L) X 600 mm(H)
ojw] QJE HEZFHE Tl -20C ~ 1209 2EHLE 1T 9= A7t 7hsobH AA2
Lo tis] A= +£0.5Co|th 559 A 30% ~ 98%2 SE=HYE 7IAH ¥ AE
EE Fo ™ol 7Ieslth Alge HEE 92 & 52 9 JaE At AdS A5t
£ B¢ AR 52 4 golEe oA T 4 e FHe] A4S H A4S oflh
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ANBE s F2AX & tA] 5] goA7]7] et 52 2 §oARE A5k Sl
drol 3191gt TDR(Time Domain Reflectometry)3t4
At HE2ro =Asty] 95t Az A 10cm, =0]
1%2 AHHAE 95% ol4s 53w Jdstdeh. 19 26
ZA5t1 Q= ARRo|H, 13 278 -3TCoAq 52 94

1 =
o A7kl WE F4uE Ui Dol SARAC] A ofF 36080 Avtsts APRH
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= Abol oF 360kl Ae
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CellA] 74ﬂL AREET é‘u% ﬁowf aehdn ol s 52
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o w2 1o 4z o > 1o lo
Eor

o
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08‘:‘
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1§

3] ) HE AHO =3l i
19 26 YESAFHED F2(P)eM Fesrie SHche B
o4 = Water contents, 89 = Water contents.
3 - B — = -
-
7 - 7
-
sl - il
£ - £
..; 5 .% 5 -
= L] =
§ 4 . . g 4 .n
3 2
24 ]
14 14
o T T T T T T 1 o T T T T T T 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (mirm) Time (mim)
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ot IollA o] AT

NS 9Aste] FsheolA el 4

9 &
HAds Ao, A2 dotee 230049
o]

(D Al =]

HAAES 249 Uz &a tAA gt AXTEASTE Aole] BAIE =% ﬂ—t— Al
PO 19339 R.R. Proctord] o) ARz A=Ytk T 1/30 fi3(944 cm?)2] EEo]
TS 3502 ol Yol ZEuit} 55 1b(2.5 kg9l #HE 1 ft(30 cm)Q] golofA] 25914
SO SAAEE SRl 2 AR BT oMAR & 0 39 AxEsigel A

A2 Te
7 5= %]-—/;H]ﬂ g}u}% A HHstgon, ol FAHL4H](Omptimum moisture content ;
2] A Ao olF, 22
< "3 dES {6l ProctorJ FEHE ARgstAed, 71 AAE & e wHAS
= fdiMe ZEAHAAM ] toluA7E F5ee &7 Fol £4 Proctordol N E it
FATEEHEE 1/13.33 {22123 cm?)Q] BEo| &8 5522 o] ¥ 10 1b(4.5 kg2l
o KS

2 1.5 ft(45 cm)Q] E=oloA 5534 thz]= HiHo|th F 2312(2001)°] HAE oh-HH
2 3 5¢t gon, 58 U ;MO 58 X5 HOE #E 67 Lok AP AMEH 25 9
o] 245 &S A3 =% KS F 2312(2001)9] 7]+ WSS 2 72 53] & 4 qlo
o, o] AWE B Lt oA EF AthEEo] 563 kgftem/cm®, 4 DobEEH S
25.21 kgf-cm/cm®2 YebRQIch 17 287 298 KS F 2312200104 #As Y 9= 2= &
o] TXE YEH A Lolth
x5 o o F5

=1Q oA th2]7] 2ol 1 X
o o Sta=E Saerse | sl == IE Y
(Gmax, mm) zo sl (kgf-cm/cm3)
A 19.0 A A 3 25 5.63
B 37.5 o o 3 55 15.13
C 19 A A 5 25 9.38
=4 D 19 i o 5 55 25.21
E 37.5 =i ff 3 92 25.30




E 6 2t 9 #n9 58 24
=25 (Mold) ] (Rammer)
T W 7 % o] 5 W 7 = A Ysha
(mm) (mm) (cm?) (mm) (kg) (cm)
A9 100+0.4 127+0.5 1000+ 12 50+0.12 2.5+0.01 30£0.15
o o 150+£0.6 125+0.5 2209+ 26 50+0.12 4.5+0.02 45+0.25
E 7 A AHEE B 9 flH o] X4
S (Mold) A (Rammer)
T W % & ©] 2 W % = A et
(mm) (mm) (cm?) (mm) (kg) (cm)
A o 100 127.5 1001.38 50 2.5 30
D o 149.5 125.5 2203.01 50 4.5 45
I (W“_QEJ- r,_ﬂ_
E)'}[ A .,¢ 14 !
or § ’ i‘L 2 \
o ar E et
¢ 100 1 :
! EC BErC
un
3 v 23 =
™~ [
i @ | = 2203am’® ﬂ
N t 8

(a) 10cm

1% 28

X
=2—

N

(2 = mm)

2
= —
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300

B2 5kg
(&80|8 =§FHL) ; Bji*
J50' (281 mm)
(a) 2.5kg ¥ (b) 4.5kg =™

a9 29 #ue] BAE (KS F 2312, 2001)

® Mzel Fo) W ARG

2 AFoAE KS F 2312200 BAIH = Alme] £ 9D ARSHR O] 23t 5 X
Hog HubEH’ S A}8slgrh E 82 KS F 2312(2001)0] HAH Algo] ZH] & ALgHH.S
Uepdl xmo|tt, HHEHS ALgste] AlmE WEA =W 52 9 §old g Az B &
Jol e 27t AN, FEolotA HHEH-E ALgStoof Ssh= AHolle TZ2H AlRE FEI
EAIZ] Fof ARgstoiof gt Ao AHEH RE ARE AE A FES| 57 AxsHoeH,
Az A7 § pHE SHoto] Ao 7 1%E dol7tA] @A FHlsklh whebA ZF
Agehlo] JFe gle Aoz sttt

ES OIS AECIES TR AT
a AzMoR urEy
b AzyoR My
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B ATelAE 587 T e 99 95t LEolq Y ShIEAS meksh] gie) Ale
(18C), -3C, -8TeNA EE ATk A@W 44 Dbl A@S AASA YL FFS 0%
5%, 10%, 15%2 WSA7|AA A5G FaRAS o 2o 2Ad) U AGAZD9FH
3 AAP4HE AT 5 YA T o WE ACAT 44 Doel AdATE AUE @
ool 2 HAZGFA HAPSHE ehd Holck

B FERERP|EATU] ATAULS Bo) SAG EE AL B spely ke
HE thans Faendd thlmte Be A9d a7 Fustgen, 44 Dobdn 2
S48 242 Fo) motd goteme] mE SPASAS gstelAY chaduAe] G2 o
wwt Gob ol Sl AANAA TS SHamEoR ANt

%9 2E AR 44 Dbl A9 A

Sand 100% | Sand 95% | Sand 90% | Sand 85%
Fine 0% Fine 5% | Fine 10% | Fine 15%
Optimum moisture contents
17.33 16.86 16.15 11.21
o (%)
18C - . .
Maximum dry unit weight
3 15.1333 15.7621 16.7134 17.77236
(kN/m”)
Optimum moisture contents
13.96 15.28 17.46 14.32
A ; (%)
-3C - . .
type Maximum dry unit weight
3 14.9788 14.6105 16.3531 16.5268
(kN/m°)
Optimum moisture contents
17.53 12.26 18.00 17.10
o (%)
-8C - - .
Maximum dry unit weight
, 14.5992 14.7392 13.6924 13.6197
(kN/m?)
Optimum moisture contents
13.24 13.81 13.77 8.89
o (%)
18T - - .
Maximum dry unit weight
; 16.0439 16.6669 17.6132 18.5661
(kKN/m”)
Optimum moisture contents
13.50 10.49 14.80 8.49
D . (%)
-3C - - .
type Maximum dry unit weight
; 15.2544 16.6354 17.2925 17.7596
(kN/m°)
Optimum moisture contents
13.42 10.69 10.91 9.05
o, (%)
-8C - - .
Maximum dry unit weight
; 14.3001 15.16054 | 15.6542 15.1901
(kN/m”)
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i,
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=old B3t oy 54

9 4YFRE Fo AST Fe=olAY G50l FAENAE Fgo] Hx] Flsh]
98] 3EFO FoHE WA, §91A, §Be] e 5+ Dride AAstdck E 10& FoE
WA, §9IA, §9B] 5 DHIABANRE Felste] tehd Eolod, 17 372 43 DUHA
2 S NS FOE TPA, §A, §BY HITHL ekl Dolh. AFANRE HH
TOFA, YA, §UBAR BE 257} Wobye] mel AfAZHAFFe] Faste AL FAT
S oqgleh ST ARSI Age WA 4 gddeh A Aol vET AR ol o
Aot AR I Aolrt ARAZHAFFY HAPSulo] JFS v §F 24 OOz, of
L9 AR SUsH] Agdole] A s W=st dobd AhAzTAZF] AhsH
A, BAEE GeR7Pold] B D Fe, YT BRAYC] o AATFuY AFS ¥
2% 4 Qe Ao poHn

# 10 S9tES] 4 DHAAd 2 A

g A 49 A 44 B
Optimum moisture contents
@) 8.10 10.16 7.73
18 : E—
Maximum dry unit weight
; 20.3607 20.4382 21.2838
(kN/m”)
Optimum moisture contents
10.34 7.72 9.45
D . (%)
-3t Maximum dry unit weight
wpe Yoo s 19.6828 199301 | 204470
(kN/m°)
Optimum moisture contents
9.13 10.56 10.024
. (%)
-8C . . .
Maximum dry unit weight
; 18.5262 18.2692 18.4830
(kN/m”)
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Dry Unit Weight ( kN/m”) Dry Unit Weight ( kN/m")

Dry Unit Weight ( kN/m® )

22 4

= 18C
A—-3T
21 4 ® -8C
- ]
20
A ¥ |
19
A a n
[ ]
18 e
A
L o0
17 4 o P
16
Is T N 1 T M L T M 1 N T 1
4 6 8 10 12 14 16 18
Water contents (%)
(a) 119F A
22 -
|- 18C
A -37C
21+ ® -8C
] ]
20 A
- A
19 - A .
F N
A
e @ | |
18 .
ad ®
17 4 °
16 - L)
15 1 1 T 1 L L L} L
4 [ 8 10 12 14 16 18
Water contents (%)
(b) &< A
22
= 18C
| A—-3C
214 ® -8C
A H
20 A A
L]
19 ]
® -~ An
18 4 ®
L
17 4
. .
16
15 T T T T T 4 T ¥ T ¥ T 4 T T T
4 6 8 10 12 14 16 18

Water contents (%)
(c) 8<IB



2 dFoM s FokEolM BAHEE o de Uil HIer TEA RS HEA 0]
af]-- %‘7&'6;? T&ﬂ]ﬂ N 7/12?._ goste], dhdle] wWE HEAS miefstr] s
=
B

Aol AHgH TDRAH|H TDRFH|E o]§ste] Faaits S0t v BE5S vehd 7o)
1:]—_ %LH]H] 1:]-11/\]04 o /qu St /\]Eoﬂ T % T S

FEeHE 2gete] z27|E4Hete] HuE Fol Aottt Feas S Fok2%(-3T,
-8C)ollA AAstgem, TDRAHE: 59 IMKOARY] TRIME-PICO 322 Astwrt oF +3%
oWl 0 ~ 100% W99 F=EAFHFE =

BE 35 44 doldHe HolHR1E Tl AsoR AHFLHE At ot dkatold
ols WL 4 U= xﬂﬁﬁ“ﬂloﬂ gt @ate] oAz Axe] mX= FFFol AR dS AL
= woste] BHAS Aok oFsk

lo

}
I
=

¥
]
=
D
o

1% 38 TDRAH|(FHe} TDRAH|E 0|83 He54E SHotE BE5(9)

_65_



Domain

TDR(Time

Al

-
—

19 39

SHH
=

HH -8ToA9]

mj

TH
oT

s Al

o Hr

1=
—

o] FEHAA et

TR

4

gEfo]

H| ol H| 30%3E=E L}

(13
=]

g 0%

St
=

o)z A

ZF15%2] g
MEBE F=Fo

St
=1

=]
%]T

A Aok AEZT -3TCoA Al

SHy]
=

Aol

bt 2o

o)

)

N7t sALeE

7t 6 57 der Zne uehid ol

G

 15%9]

]

0% 5%, 10%°] H]

yetEm, Alme] Frof

o

T
a0

T
&0

T
60

T
40

T
30

T
20

10

T T T T
© w - ]

(/N ) wBiapy wun Ag

— T T T T
@ w w @

( /N ) uBlap wun g

lceness ratio (%)

(b) 5%

lceness ratio (%)

(a) 0%

ﬂ_ O

(W ) wBiap wun g

mo

T
o w - ]

( /Ny ) Biaps wun Ag

o

1
20 30 40 50 60 70 80 0 100

10

60 T0 BO a0 100

50

20

10

lceness ratio (%)

Iceness ratio (%)

(d) 15%

(©) 10%

_66_



=
=

113 29 369 23t

A

il 2ok o,

]

H|

ol
o
or
ol

1—

A2 A

-8TCe| ALk ut

=
==

2 A9

85%° A% tt

olu

g

.(?.J-_

22 oF

ot

=
=

il =

]

e

relg
=

7t %71

ol

ul |

ol

2 gaEr AR AR ol

7K

)
fle

s
M

ol

o
el

A

mo
TR

file)

ol
ot

Tk

E 11 A

%0
PN ~
0 — N \O
— N ™
)
s s &8
o
%0
OW <t [N
N = ' S
- o | g
)
s | 2 | R
o
N
5% o~ N
N N 8] =~
o | & o
dn — <t
mwm ~ o~
95)
S
o N o) o
S o 0 -
@ ~ Q
2 el R =
= g
w
& &
o co
| I

_67_



os7] Slel g AEe] <]

I Al 7As= ot

]

)
RSl

€ KS F 2314(2013)9] HA =0

nE
12 A1E

,_l‘_umo

O A=zx4d

shedet. 54 Db

EEDTERE

] 7

[e]
5
1=

o] 10cm9]

S5cm, =

173

S
a

o|]

%

2

ol
=

Al=e] A7

mj
T
T

FhHEE 95% ©
tol Az diel

S

1
—

ot

)

o Als Al APEA ] 7

H2 35 Hiez 44

(Y

,_HUI

o

Tk

siAEel m

18719 &

e

o]

K

o =T

o

1o

O_HO _z__v
=K

54
SLA
Elga

7] Well A A Al
=

@) o o~ o
S — 2 O
| o) o~ —
&) o — —
R — < —
| oo oo —
<
g
il
any
— Q
gl wm | S
— 0
= __OT ,A_w_.c
<k %0 o
oy NS
o w _
~ o) a
_z_._ o_”o m_.T
JoH
=K
T
Ho

_68_



a4

¥

@ A

v}

ot

AEL KS F 23142013)8 7|1ZFo =2 tpea e &4z 2

(D AdAE

(2) w2 1% &

3

B oo r2
O 1@ Hu
|

4)

Ay
i)
o

5

19 402 Aol AHgE &
Hggoja oz A on, YeEEs | mm/ming £E2 &S
E=7F Aol =t § AAasttrt dAsH] aEe wizbx] Adstlom, Zrzkel Al Aol

HAG7H = G=% 0.2 mm, 21 o]Fof= 0.

Jl-ﬂ.loﬁoﬁ,o%ll-mu‘.g_l
Tlo
&

t

Ol

33 .

she Zqkare] Fodel 1 A@A] FEol
Z

5 | .
o7k S5 b ASslA Aol 2%l AYIAY, dEe] Huigte] /34

I B gEugol 15%e] m2eid 45 SR
WY, m7) A 5S¢ Bl J2a 4F 22 59 Addel ¥y @ uy
A7 7P s ol w4 st /]S

AW AFGE AY F9 AR ARl Agu
& ANstch Age

[» o rlo




95%

=

=

s

H] 8.1%= thxom,

2~
T

St
A}

vl 24

® A2+

,_uru!

o

ol

K

=
=

1

sho

6

tol et it

ol o 32.25%7tA] LY

A9 @3 9 7erag

3|
=

A

SFAT. Al

= %
s

Hole ek

=

a9=

-
—

5

=7}s

[}

U, A&7t 1.85%

«

T

o

0

!

L
1—

Aze] Fxrt o 34 vbe

A7

=

=

o

°

o] v Eo] Zro] A
neow 8T et AzAdd Ao exo] w

At ol A=

L

—

o

(<

7t

=

=

o

T}

(-

TR

lli

—_
1jo

ol

A]

H| 8.1%2 =

Z15}k
=

_’70_



B normal_1
500 A normal_2
:
a L SN
% 400 - ]
£z
= Y
g ] \ A
ﬁ 300 !
2 " A
@
@ 200 [ -
(=% Y
E | |
8 ‘ N
W 100 ]
= & Am
= 1 /
= A m
o4 ./ A BB = m
o 1 2 3 4 5 s
Strain (%)
(a) YEHA=
] 18°Ccompression_1'
506 A 18C compression_2
9 ® - 18C compression_3
T O D&@ Lo O~ -3C compression_2
s = 3 & -3'C compression_3
= 400 A "
= Fa¥ ‘
[=)]
5 O « A A
= @
@ 300 Ae  eoigm -
2 ¥ 4 L o A
w u Y
3 o ® n
S 2004 H 8
8 Y || | f_\.‘
ke A = - Lo
% 1004 / m
g L M .
o | A, A
- St et d
0 T T T T T T v T

o
[
w

4 5 6
Strain (%)
(b) -3T
= 18'ccompression_1'
500 o A 18C compression_2
— 00 -8 compression_1
a £ -8C compression_2
i’ 400 O -8 compression_3
2 |
2 .
D 300 Dfﬁﬁlﬁﬂﬁ& -
= Al
2 1 WG A m
S 2004 ‘ggg O A
E 0o o
3 o 24 SN
© A 2
% 1004 P A Q
8 a@ ?ﬁiﬂo ]
A e VI
0'1(. T T T L:(‘:D T T T
0 2 3 4 5 6
Strain (%)
(c) -8T
AutAl gt Yt (-3T, -80V)lA 52 9 gl

AERRESERT:

_’71_

2

!



(kPa)
464.72
454,98
459.85

Tk

H

V)

s18l2|5 |8 | «|s|8 |33

. = !
Slalslg T8 g|¢ |9
- < < o IS8 o 8] o < oa) ~
© — X xQ — < — ™ ™ <, ©
Ay Ne} ISa) Ne} ~ = ) v Ne) ~N o~
) — <t N Ne) v N <t < — Ne)
o < e < < 8] N N N N
.l_ 2_ 1_ 2_ 3_
SRR N G IR G
R W | W CCEN R i A
T | H Y T H | H | Y
o}/ o}/
o o

-3C

-8T

_’72_




ot AJHolA e FEAAANTEE Facte A2 FERt 7ol AAEHAJNA] & B of
Yet S AR719] B4 AldtEs o] Wol d4dzes ErMssittal wdsilet. ®et
A7) AT e sEE el AR ALt SUkcke §d7] e FEE AR
o= siE7lol =47 A 4 Atk wepd 2 Aol il kA SHE 9Rh
A7) 7Y e flste] sk koA AMF Am o] ExIE tpEAS mhelstr] 9fsh
Fol=olAl AARE AR ANE v o w tiE Algo tprEAARS AASH] &4
71 A= AARE AEkE BARRE Am9] 9tprEAdA(Soil-water characteristic curve)<

e oy e
RIS
=2
u
rO
of

Toaw

w0

5 W

= M

ol N

5

Jm e

A oy N
> —E
w1 ol
g o =2
I‘TOI' B o O\
o ME o
o H =
o ® -
N X
ﬁ Hy lo
d E—?—‘ J
R
g 2= g
i 2o T
I Mo L e
oX qoi it ly
o i) s
o Pl o
b 2 = o
rk JPFN ST
[o]}
Kl N >
o_?r, O_>|:
ofl 4o
D
ﬁ >
>

ot
26
X,
>
oo
Ot
_|_‘ .
s
>
QL
o
4
o2
ol
L

Mo off mt rl oL ¥R rr
1o flo m
>
o
ol
pach
)

ol
o
i
lo,
o,
Ho
2 L

>
el
2
>
oo
i
ol
ol
4o [
rot K
oS
&
o
s
X
1o,
)
r®
o, M

boARS A7 4
ete] =0 A2 Brass

st mAst] $1a) A

e A=l 7]E
, ®=°| 35mmeolH, o=
ringell Al2E AIFsIAth A=mAdd A AA dFe] 24 F
=t HHlE AF2EoA FES| W
SOl o Als Al AlAf ol Fetshe
d 42 A"EE 15%7F £39 ZA2E AP Brass rings UERH 1ol
15% &9 ZafAze] JotolAe] BgAddTE a9
I 9HE3l4= 1039 203]2 A7gstelor

e

rlot
ot
S

m

= o

(@)

w

8

4z et
=

Hir

N

>

Y

o

>,

oo

_O,L

8

o

_=)

S

— L

i

o, N

= N

)

o,

ki

¢

ne,

rE

)

rO
S

X o
fu)
A
o,
H
O
(@)]
X
o
o
fijo
ot
|
ol
ol
H
Jhu
ox Il
oflt
ol
ol
8
v

E_L
1L 0o
ol
oL
N
4o
z
Ol-ﬂ ol-ﬂ
AT
ol
=)
o
a4 Oih
ofo
ol
el
38
=
>,
f
=
o
lo
x
1{©
ok
N
fo
1o

_’73_



15 3FES AFE 15%5 i3t 2] 724
Specific USCS Maximum dry unit Optimum moisture
gravity weight [g/cm’] contents [%]

FTAEES A) 2.68 SW 2.075 8.1
HEE 5% 2.60 SP 1.893 8.89
st ne . . '

19 42 Al-E 15%

XSt Brass ring

T 16 FSES AHE 1525 &7 =2 ohEAdEAq}
Maximum dry unit weight Optimum moisture contents
[ g/cm?® ] (%]
18 -3C -8C 18°C -3C -8C
=51 E (7 OF
TQ}A)(J_ ° 2.075 2.006 1.888 8.1 10.34 9.13
AEE 15%E
L 1.893 1.810 1.548 8.89 8.19 9.05
SRt 2
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E4L2 185t ASTM D
% Pressure chamber with
2 @ A Dt

Al 7] (volumetric pressure plate extractor)g AH&otdith &
Aol AHgE w22 A7 A

E 17 9554480 57
Suitable suction i i
Test name Suitable soil type
range [kPa]
Hanging column 0 ~ 80 Coarse soil with little fines
Pressure chamber with volumetric 0 ~ 1500 Finer soils which retain
measurement water more tightly
Pressure chamber with gravimetric 0 ~ 1500 Finer soils which retain
measurement water more tightly
Chilled mirror hygrometer 100 ~ 500 -
Centrifuge method 0~ 120 Coarse soil
Alge ASTM D 6836-02(2008) 7|&o 2 tfei e &Mz Z3P5tact

() Z4Ze] A= o] At =7t 95%°14
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