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Effects of Water Content and Dry Unit Weight on
Deformational Characteristics of Subgrade Soils

oy ey Fv
Kweon, Gi Chul Oh, Myeng Joo

Abstract

To evaluate the deformational characteristics of subgrade soils, four subgrade samples in Korea were tested using the RC
and TS tests with various dry unit weight and water content. Both the maximum modulus and normalized modulus
reduction curves of subgrade soils were affected by the dry unit weight. The normalized modulus was decreased about 20%
with increasing of relative compaction of 5%. It was founded that the variations of modulus of subgrade soils in Korea were
over 40% with water content variation of +2%, and those effects can be estimated by exponential model. However, the
normalized modulus reduction curves were almost identical and independent of water content. It was also founded that
confining pressure, loading frequency, dry unit weight, and water content have an affect on modulus of subgrade soils
independently. Therefore, it can be considered that those effects are independent variables.

Keywords: subgrade soils, deformational characteristics, water content, dry unit weight
2 A

9540 tE A2EAFIT GG GBS A 43 PEel ohel T B4 2 A
ZRATY TUA FURMSILIRE PR BITTIE RIATE BE BRACHAT Ros4 07
T

ot s e wow 0% 98 Bekision, AL09E Aok 37 4 £ 96 Ao BUE
* FaRYe Yol 9S8 ATk BF, BAAF R HE3FAE Y 43 94 3%
& 72 AZVAFID ) Vool AY FFS BA BE A0 UE} A2 S949 842 0208 4 9

« Mol SOSD E2BS 204
ve HOlE - SOMHSE EREST YIADIE

o
Hi
i
by
B
o

(0]

~J



AASHTO £%4 AN 58
£9) 712 dAYHWSE AYstn
. 2002; AASHTO, 1986).

w}E e BYAFe] B dFart
49 gd% Ngzdez gdEd. A2 2
2E AZVAFHRIFY), @54, chdy

slov], AldE i 7484, &4

0, o b
)
o
i

-y ol ol & 2
2 fo

NGB

=)
find
Nt
E
4y
S
K
oX,
fm
lo,
)
oX,
o
=¥
b
=8
N
_<‘>L

Mo

oX,

S

fru

—z

v}

o

U B

B,

oX

=)

o 0

% o

9,

ofo rr o

o
ot ox R Ho

EE FASHA A
2 AR HER MYSAd i Aea 29
2 Al 4R elM vigdnt. old wlsla], B
A BBEGS AHshe Arde A3 2 o
& FFYEE vlE et & Folof et =HEY
FATE A P& Bdtel 43 st A
b AEH AR s At B¢ 25 o]
A Aol i 7 =D 2A 8 Folok gt
A Az R FERDE T AR @A
ol A 454 2d& ¥ G 4¥e 2
EHH R #{sta glojof gt

ZF dR7z AR 7|2 Qs A
=z
.

al
T %, 2005 #HEA 5. 2003). HAGA,
A a2 A A SEAFE Bt

Aol ME Agolata, A8A 89 I Mz

Aol ALy} wrAEit} weh] TE GAo| A 2R

He BAATE BHEE Hrts] deiie v

AAG] et A} Aldx

Fo v HEELS Wl T 83
B g T8 FIRIAR

A FF, &), 148, A5 Y E 7))

g Aoz uhg AHALD w5,

Kweon %, 2000 AFINE Al

TET g WA AEE FYsy

g, Ay E 7], stsFagd uE 3AF

9AE S pestit. AlFARERE 2

o BgAIge e Az Fea g

Az gt F3E Frtsta, Aldz o

o dT #EA yil

2. AlLJAIY
2.1 A 2
2 Apode oy AA Algstxn
o 2FEE A3 AL 3T A3 A
BT YRS, GHAE, F - 2TAANG, WS4
g 5 7% B4A1EH A A S 403
Algol| Abgat wAE A9 7|2 BEAAE
HE 2o Y HEE R 2
B 1. tAE A2 7% &M
ALE Soil Type
§ " PI P
TE [T [#200 . HE
Z3 Uscs
(%)
HSG-2 2.95 6.13(sp 263
HSG-5 1.60 7.85(SP 260
HSG-6 3.90 N.P|SP 261
NSG-1 3.10 7.6 |SW 2.49




00CO0O00O0C0000C000000000CO00000Q00000000000V0O0DO0000000000000000T000O0OC0OO00GOC0O0000

AEA R Hudx (AL zFH, 2002)
E oAlo A AMLE RAE Al £33 2id For
A ol AMEE = gukAel A Ed) ggeit}

£ AFAE Stokoer! FRF/HEHAGAR7]
& ARl 3REAEY V1R s 989
A AT E v FRA ¥ EAS (torsional
excitation)& 718t 12 BEe] FFa5ed 2
T A71E 73 & AR E4 2 FAAY 2
7], BAAY FAE o] &3te] e A 2 A
MY ES Fole AIEEY

2006).

Q.

[

Aol AH AZGASHL OY 13} Po]
zAsg ok A E 95%2] AT 220A
A g e HAg4u]-2%, HATFH +2% 3
FToz Zgstglch o) Wl M E 2%
Z 3 AL ) B heu] Wizt WY E wkg
3 Aol (ST =2 FAE, 1994). o, Az F
T HAgH 244 A= 100%, 95%,

stk gelakd, A A
9o AEzros AzuyFad 9 o

2 (L S
3THK
= o
b=
b il
>
et
B
Y
{o
Hu
4
11»
JE
£3
ot
i
fu

A
_OIL
ofn
-y
&
&
i
)
ofo
_o|L
2
v

Dry unit weight
-
=]
w
&
E}
8

OMC-2% OMC  OMC+2%
Water content

T2 1. Aol AL AlEe] AZctelEeF 3 gH| =7

1“11’
‘o_'én}i

of

Y
N

it
2

i oo T% my ¥2 Ho
o
ru

(i

=

A

N>
_{Jk‘-ﬂi

il ook
o[\ o

N>

3. HESH L
H|2| et

=LA
S

Gray (MPa)

[\

b=

oXx
oft

_% o
[o _Ll N
A

> o

_,d
e ¥

go fo

b
o

=
of
ol

1

s

i)

>

1)

pa
L

4 &

4B
8

>,
e
lo,

PEER !
CHAATER, 2002).
Aekstn 1417 o)A

re
=2

>,
o
=
N
o
ol
fd
o=

=
=]
p
rn
d0
o
o

0

i)
o 1o
1% m

By
& oo R N

-
Rt}

N

]

| —8

[

¢ 0.90 Yy

Water Content = OMC
I L

@0.95 v, .
A Yerven,

Relative Compaction —
I

20

40 60 80

Confining Pressure (kPa)

100

1 7432 wsjol M HoiEhdAS



/R

AT s g el Aol ade g Ry
299593 74890 HE4S BAGTH
F7He 2 @ o FuEAE @gAsdl
e 7439 P =(THAN 7127 e A=
Be 39 Wald] Rkl Aol glovt 1 Wkl
A7l 27 gL Ao Sk,

°
o
LAY
£

£ =8
*

FAQ Mt Uehd Aol 24249
AlA 95% TR = AlH ] E‘r*éﬁlw-i dz
& ‘%}Oﬂ e ATE Fratetel A8
a2 3(a)dA Bxo] 7z Eeko] 57].&01] wt

2 BA Sl e S & 4 ded, R

20
HSG-2

15 %

95%)

&
€ 10
=
o)
% 05
I Water Cortert =OMC
00 :
80 o 100 11C

Relative Corrpaction {%)

(a) CHEIOH W HTHEHISe) Alckiol wiat

20 /0
B e )
=3 - /i
Q f‘&}—z%

R B e 5

S / & V HSGi

E 05

© Water Content = CMC
0.0

040 05 060 070 080
1/(0.3+0.7¢°)
(b) 1/(0.3+0.7eM)0l| w2 EHA|S #ist

17 3. AZCE| W2 HOHEHIAS et

= 95%149 S4A% Al M3k, BB
90%% W< M 26% Hastden, tAEst
100%2 S7V8lH Bt 56% F718ke A= el
ok BAEs 371 24 e

A S7tete Ao & eyt

AT e Az FF @)Y dgFE
Faete dEAQ FARLE Hardin(1978) 249
ol ¢lt}. Hardin B4l g A ol gk 2=
H19 3kS 1/(0.340.7e) Eell tisk FxA
ol #A 2 2dstx vk 28 3(b)E Hardin 2d
o] Z—i%‘é—% HE 3} ] 1"46}01 Az ¥

1/(0. ghato] epd Zojth. vy
Li%ﬂ%%@l 36& o tﬂzﬂ Hardin 22o] s}
W g 3(b)Y Ade ANeR yehdol g
a2y adelA B & 4 9lRe] 1/(0.3+0.7¢?)

o Mhe BAS Wast A4 BAR ehiA
%3 gk webd 3o R A E Azu
$9 9YL H Hrdin = 92 AHg el Brhable
o2 e Aoz B

B st 1 we AdedAse AaAd o

32 a¥ 49 Jeth A 2AA Y
JJEH‘%J ALE 71202 A 3y Hald B
AYSASE HFalelel BAEGT. a8 42
23lo] oiA d<eulrt 21 = B eAlAe 2
23S gol & 4 glon ARl waka gl
AR LI} Afo] o} AR 7} Ao}l AlF9
Aag4 43 oiv] gt AR B Eet
Art B A3 A3 BRE CAE A BdAME,

2.0
g
g s
] |-
% 1.0 e
&
o

0.6 H o HSG-2 = HSG-5
4 HSG-6  —*— NSG-1

|

OMC-2% OMC

a4ulol| mhe HTHEHIAIS wat

0.0
OMC+2%

O# 4,



0000000000000 O000000000000000000000000000000D00Q0000000000000000D000000C0O0000000C00

AR 3en] 2A00 M BAAS gl HlEto, g
v7} 2% ZUbebd B 23% AadHed, ¥
u]7} 2% 7ashd B 21% UMk AL
237128

S A ol g Feu] J3 Bl F 26l Ao

3 upe} Zo] FA METY FTEA 5d A45EY
o] It Witczak &, 2000). & Edo] HAgs
) Aejgk 54 T4H) Aeel Aol e Aok H)
zdaln e}, o|R e 1&g FA3H Y
2 A4gE9] 47 ngste Al 74
3 A S zHslA ALE A7) d2olet,

o oR Mo
ne oSt mo

2. g5l g st TR e

2

E otk we

opt

W()pt )

w, ) +k,(w-

opt w )

E =l+k(w- -

opt

E — lokw (W=wgp )

opt

22 e} RdATE,
A nde % 7H«l BAAFE ARSt o
h5o0] gheeu]ol whe BAEA
%i} } 1 genz

\O'WLI 4

re a2 > N R ol e

m\o
nQ

7} ZMH ¥EAQ Eé 1’“2@4 A g
A B7kske AL E7bssiith zawr x]_,—u
o] A$elE 2002 AASHTO AAHAIN Atz
Yz, B 2o vt ZdAF7} 2L FHe]
1o] 2 A E tald AP AR AHEE 4 3

Relative Compaction

DR -/ Je——
B %
s 0%

02 | Confing Pressure = 80 kFa
Water Contents = OMC

Normalized Shear Modulus,

00 H i —
Q00001 Q0001 Q001 001 a1 1 10

Shear Strain, %

02 | Confing Fressure = 21kPa
: Relative Compaction = 95%

(a) AZCtS wislof mE HRSIEMAS Zasd 2y
12 ;
H8G2 Water Content
w 1.0 i aeeag: ; :
2 g L. ovMCZ%
2 ’X\! i m OMC
S os S o
55 \g‘ —ROM
2Eos6 ! -
IS
N
TG
Q'i)‘ L s S T
K
S
=

0.0

0.00001 0.0001 0.001 0.01 0.1 1 10

Shear Strain, %
(b) &eH| tstol| 2 Hrsietdils 2o 22
12| 5, AEcke|EaE o) S| Bisto] e HstetA Al

Za3 L

e eS¢ Slvk. &, AxddsEel $
&g FsdAs oIl 4oz oF
ste A%E Yehin o AERdAs Fas
Aol A9 AzeNFFH(HR)Y FF= 2om
2 ARE AR ol gte] FstdAs e
A& ARshs Atdde AlEY AxddeEE d
20T XA7E R BoF Aoz Agdrt
g, 28 5(b)dlN Bxo|, F=erldl nrE A
SRAAIF ZaTA e T WS FaAsA <
5 & ok, mekA A reted

A% AAEZNE NBACR AR A%, AT 4
Faigel o7 PoE QREAT 9ANZ Fe
£ Qo E3 ¥F AR 240 Wl B
A shiel AFAVAAS BETHE B5T + 9
............................................................................................... 91



a9 5(a)d 4 JeRE T s #sle) u}
E AseAS e wgls gddos
H7¥etazl, 0.02%9 HEEAMY FFIEIA
T(G/Gr) #E 2T b 27 69l
Uelgith 95% THIEE 7|02 & o tds

7 1007i S7ketd AatsedAae A0 20%
A= Zraste Ao eyt SvgE 3le Ald
9 T/ FHA A= Wl wte Hsie
AT A2FE(TF 64 71871 e FALSHA
Hehta Stk Aol E}M 2o ge Agas

2
& Hudd, dERAFRCHE B8 37
2249 JPHES A4 QA o
498 Al A5E o

2249 2 42
dt.
0.9
g
08
07
>
£ 06 .
i
(O] &
S 05— w%
! 3
04 b —4 50—
—&—HSG5 ;
0.3 F —a—r506- PR ——
e NEO Shear EStram =0.02%
0.2 * : L
8 0 %5 100 106
CisE
18 6. 0.02% HEE F7|olM CHElzol| mE Hrslety
Al st

A2U33 2 GATSH A5 42 55

ol 13 8ol Lehigich. 712 of
2 AL (AYTER, 2002: Kweon 5, 2000)
Ast 2ol Fh wHES BS HFFAGI 571
e WS 2 9 @ ¢ k. ¥ @
YAz W S5E0H JFPE(Y 89l T1E
7 dZUAE Walsh Fashl sl et
sos, §5Ht St d3Fse 93 o
7+ 57]. = 7:]?51:_9- Eo]_]__ r;]. :LE}L} /\]z‘ﬂo] Z‘:
4 Feul s eI, 57 Yl

e el e v Fol BAIE £ e
ST R FodE

Tl dTFH e Fo| A
wo] 7] Wil 74&"%4?;0
|

3 (viscosity)Z}
Hglel 2
AEe o2 wdn £33 B o) AlA]

2E XTI = ‘Eﬂ FE A RS o
FRtaL o7) 2ol ghrH] Wste] whE g
T Y= Wt A9 gle 2HE 4A E e
2 A web sterase] g 9%
AEe RAEY oA A 3 AEE g Wgte

WA slte] glor A48+ Y oz Ag

1.2
HSG6
=< 10 5/3/} &
I
0
(]
Y} Realative Corrpaction
B 0.8 1
& rdmax
Shear Strain = 0.0016%
a0
Water Content = OMG 0.6 romax
Confining Pressure = 8kPa £0.90 rdrrax
0.6 t + t
0.01 0.1 1 10 100

Loading Frequency (Hz)

g ol W StEF Il YB U

1.2
L HSG-6
ﬁ//é/&
i~ 0O z/ﬁ/j/-
5 .
=}
g Water Content
¢ 08 4
Shear strain = 0.0012% *OMC-2%
Relative Conrpaction = 95% 8 OMGC
Confining Pressure = 8kPa AOMGC+2%
0.6 t : t t
0.01 01 1 10 100

Loading Frequency (Hz)
(b) =t Histol| E SISFol & Uz

O3 8. g=o| ¥ UxCATE wslol| e siEFas o



0000000 C00000C0000C000000000000000COD00000D00000O0000000OO0OVEO0000000000000000000  +

4.

oq

.
=
g
2

mxg'm

e

2 @M TN AR EE wAE gt
ﬁ}_‘i‘r" T3 AR EgFH & AT FRF
GRS st AEAT e 28
AT
| SVEFE, et e
Z7Ftdeh. A= 95%9149
Hleted, o=t 90%Y e He
26% o, =t 100%2 F7heid
B 56% Z71ke A8 Jesith, A g4
2] BAAST gl vlste], FH]7E 2%
TVl Wit 23% astg e, deHlzt 2%
28k Bt 21% F7kske AR Yesitt
BE A5e] edAgd tig o g
e AFRDE AMS] 97t & F Y&
o7 wodrt, 3 A FHY JFe
Hardin(1978) 24l< 4%0}7] e AoE e
Ur A2 2o 7ide] Hagh Ao Azbdr
eI AT ZAaTde T g4 Wl
T%ro}ﬂl AR 2AE i Az FHol
7V wet Bt ATt Ahske
Z L‘rE}‘XkE} ‘L}EW a3z ‘:fJEﬁl ]

s

X~ EF

[
¢
- o
= rlr ol
o
o]

5
w4

2 op
-hoﬁwmlo
gﬁ_

s

=
s’/
%

gl

o &k

-
X
3]

sl 2 igeﬂg] A
|

i
fr =
> 1
g =
L
£Y,

BN
_,VL
:L
&‘-
AN
o
o,
nQL

r
e
-
fr
o
Lo
i)
_11~

Korea Pavement Research Program(KPRP)

a7

she) ¥z, Ao ZA=HUT,

X o |
2

—

OH o Y -4 o0x A

@AY

. Hardin, B. O.

. Kweon G. C.

ADE
7

£(2002), “$HE ZRMAY JHtn)
gl o=t olARE A MAR JHEk(
=4 M2 KPRP-G-02
T, *1%1*4 A71A (2005), wHEA] HdAeHA
2 wAEY AR WEAS B}, a2Kut
28, A2149, Al6Z, pp. 67-79.

H$A, AT (2003) ot~BE ¥R TR TR
g @@ o #3 A, IR ZIAZEHS=2E A
5d 43, pp. 13-22.

ob
T o

—
5
e
=

[s]
Q.
de ©
s

s

&
25|z 2

H
P23
n

CEETEZAL (1994), ISR OfARE ZEF MY

B ZHAof] 2het oI, Ei‘ﬂ 94-15-6.
e, (2006) "AHEEEe] WILA, |

dtast Alg|= 8" el #, ISBN 89-8225-535-4.

. AASHTO (1986), AASHTO Guide for Design of

Pavement Structure, AASHTO, Washington, D.C.

(1978), The Nature of Stress-
Strain Behavior of Soil, Proceedings, Geotech.
Eng. Div. Specialty onference on Earthquake
Eng. and Soil Dynamics, Vol. 1 ASCE,
Pasadena, June, pp. 3-90.

and Kim D. S. (2000),
Deformational Characteristics of Subgrade Soils
in Korea, KSCE Journal of Civil Engineering,

vol. 4, no. 2, pp. 83-90.

. Witczak M.W., Houston W.N., and Andrei D.

(2000), Resilient Modulus as Function of Soil
Moisture A Study of the Expected Changes in
Resilient Modulus of the Unbound Layers with
Changes in Moisture for 10 LTPP Sites,
Development of the 2002 Guide for the
Development of New and Rehabilitated
Pavement Structures, NCHRP 1-37 A, Inter
Team Technical Report.



