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SYNOPSIS : Many methods and techniques have been developed to obtain the accurate design parameters in
soft soils. In particular, several researchers suggest the techniques to get the void ratio for understanding the soil
behavior. The objective of this paper verifies the accuracy of the proposed analytical solution for determining the
void ratio based on the elastic wave velocities. The paper covers the theories of Wood, Biot, Gassmann and Foti
proposed chronological order. The total theory represents the wave propagation in fully saturated medium. To
verify the proposed analytical solution, the laboratory and field tests are carried out. After measuring the elastic
wave, the void ratios are assessed using proposed equation. The volume based void ratios are also obtained for
comparing with the estimated value by several equations. The values estimated by volume, Gassmann and Biot are
show good similarity. However, the void ratios based on Wood and Foti methods have a slightly different trend.
This study suggests that the theories of Biot and Gassmann may be a useful equation for assessing the void ratio
using elastic wave velocities in the field.
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3FAE. Wood (1949)+= X 3tH AlZ 9 =4 (Compressibility, C)& 443 23 <Az 243t
w F=AS A A A A 994(C=1/bulk modulus)E o]&3&te] A & 4= )

Lo .a-n+229
Vo= [ P
P ne prtp, e (1—mn)

A71A, Cp, Co= Al 2 &97e] h54E& ovetH, pg, p
3k G, Vp, 28]2L n & Z}7} A
VAHZE At &2 g9 A
= 7bedE BT, FYRAE gste] haHR

3.2.2 Gassmann (1951) 2!
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o]-g3te] 2 (5)9F o] YErUTE 53] A 5)& Zt7te s AT 4EFs vA = FA 5 #A
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o A (suspension) FEH A YA AAEGATE} F=EY #AE HHSHAT

By,
1——-)
BG’(Lssmann = BSK+ 1— ng BSK (5)
Bf Bg BgQ

o] 71 M, Bgassmann, Bsk, Bg 1813l Bie Z+2F 319 A B (mixture), YA+ &7 (skeleton), YAFe] &
ol(grain) 281 A (fluid)e AXHEAAFE JeEAY. ne Wood (1949)9} FdsA = %:—% 4‘3]
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ATl A= 71 At g s 7IHS ASe] At A7 AR tE
Z (Calibration Chamber)& o] &3to] A8 st AHEH Ex AP =
7}+7} , 07m 18]35l 20m, 1.2m o|th. F/He] EX BT st 45 o] &3ste] 34
S 7HE e FaRAVIE AR EAY AR TS UolE (GF 1250) Alge] HES} AL
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E

jLs -
FAORT ERAE olgee BF ¥ wAe: J¥E 9] 9% A4 17 Bze
o [e)

E 1L 7hEEvolEe E8A 44
Liquid Limit Plastic Limit Plasticity Index | Specific Gravity USCS
LL(%) PL(%) PI (%) Gs
67.1 30.7 36.4 2.54 CH
E 2. 2aAe BHA 44
Specific Gravit
LECH chs ALY Dio(mm) | Dso(mm) Cc Cu G Gt USCS
2.65 0.09 0.17 0.99 2.11 1.07 0.68 CH

= =

= 5
|z Yy=32 dgHE (Piezo Disk

or

H

gt 27 e
[e)

Element: PDE)E ©] &3} FU FHA AR FAA T FA
o] A3 tt& wiy AgHE (Bender Element: BE)E o] &3ttt €@y Ao Algw a3 w4y
L YT 5 (2008 F o =4
o

A =} <] E9 E9 AR 249 qdx 249 A=}t &7gole
- 1R AR A A5 F ol AR A A5 ARG A5
(p°) (p%) (BF) (™) (Bsk) (Bg)

2.61 1000Pa 2.18x10’Pa 0.4 7.778%x10"Pa 50x10°Pa

- 203 -



< W 3
ﬂﬂan/ua,_ .dlﬂe,_t
zzw@wwﬁﬂ
o ﬁauulﬂﬁedr.
JAEJ@LTQ @HQWM
0 a]\/.
%H%ﬂ%&?@%
ﬂyﬂr%&rmﬂnz%
ﬁa:TuMoﬂx%ﬂﬂuoﬁ o
MEW%%%@ 4 N
uunD ;Iwﬂumoﬁlﬂ ‘mq E._ T o
%IHTkoﬂw@. THE R
TR %%ﬂ}ﬂ 5 S s
ML_aﬂﬁo% ° s o T =) ﬂﬁﬂrMTQ
—_ ; —
Hﬁ@@@g%wﬂo : . e £ S
) E@%i_%% = o R o 3111.@10
MW pEZ2 g © o & e —° &
! Ul + T " 8 > < < BE — E
By ™ T iR o< Ll & Q3ae 9 Joea g H eI s
ﬁa.q_olﬂ_u S W ~ = == g e “q g < - zomE\wZLm
gifipl T P 528 Ammmﬁmmm E ﬂ%bﬂg
Moo oﬁkﬂaﬂh&lﬂe dmwm g g g g < A mm_]lmo
Eoﬂglio = zmmm%%o . Hﬁqyo@
— he o Leiﬂ wamnm»i%o@&%t&mooo& T uauba
= o o R Ao T Z o L= 253 O 6 o QB i oG
y B of < + 50 s A il QAEmLE
il m/u/tﬂifﬂy) = “ * o = Emm@zlan
SiTgrEial mf 2 PITE
ﬂuziwc( WJE | o , " . = (U
=gy - s X - < N & o T o
8 . ¢ & wloa i CmE r L
ml.mma@urm%ﬂvur g o Faw§™
Eagﬁﬁmﬂowﬁg g awﬁffﬂ
+ 0
Zeﬁ% ﬂLm)nufog N qaréﬂagwﬂ
o .UH._ =N <t I~ o N T — o do I o
U o M el o o ﬂv}1mﬂ
hFoE%]%lzT@ & ]HOAAH
ﬁ#ﬁgin%( B3 " N =
c g Jhwm =) = = oy
go)wrm]woﬂ%éag, S c>8 o % mMMELW
T g w.ﬂo_anﬂg foEt g3 g % s A
S mom%ﬁ;u 2L By o “mnad = %@%jh
Eg<1ﬂfo@up_l S88%8¢ w0 Ty e G ﬂ?gq\oz
EdHEL; mur7 o D@L ® o® @ EAJ
ém%)vbthﬂ ° o < P i mﬂoa1%ol
4wamwﬂm%ﬂ 3 , o @@AE%
M_H .]Z_XﬁESMﬂ m , . 7NE\mly\:lﬁﬂL|L
%@%%ﬂ%%ﬂ% o : i,
< i { g
kA nE N ) wo] ydaa N L T " w9
" v B D g = s T Cae
ey BT a ol A
\WLIII\AlL E .M_____ ﬂmorAIQ#o.Wr
X i ﬂu1xqﬂ,murﬂ,_
Gl <
o o Mfrevaﬂ
M 20 <l _EAFﬂwo
°
i w2 um o
_ S BNy
6 @ Eﬂyﬂﬂ
0 7ano§1r£
%ﬂ%%
el

- 204 -



A
o))

-

=
r

ol

o]

<
%

Compression
Index
Cc

0.30

0.19

USCS

ML

ML

Specific
Gravity
Gs

2.61
2.63

Plasticity
Index

PI (%)

11.9

149

Plastic
Limit

PL(%)

24.5

254

Liquid
Limit

LL(%)

36.4

40.3

Depth

(m)

16
20

(b)

(a)

1.2

9 ON.l PIoA

0.6

0.4

1.2

1.0

9 oNel PIoA

0.6

0.4

100 1000

10

100 1000

10

log p' [kPa]

log p' [kPa]

A3 (a) 16.0m; (b) 20.0m

9

a9 3.

N
M

hin

N

o
o

il

.l
s

71&d o}

16.0m¢} 20.0mel A

T3 A E

gt

3

4ol A

o

ol

g

&

HAom Foti et al. (2002) %

A Bolm A E A YEE T Wood (1949) o] &8 EUi=

AFE

o
T

A gkt A €

Aol &
3

=€
A

7

AR AHoR FAt

5
4

s

Aoz YElyTh Gassmann

A

[e)
T

SHAL A A gk}

-

Astst 5

&

s
)

i

I} Gassmann (1951)3} Biot (1954) o] &2 9]

]

A
=

o)
L.

N

hin

N
o

4

< EQE

=
=

(1951)# Biot (1954)2] ©]

o= e

fut

A ggol AFAe] 4TS ek

= e
HEE- 4]

]

Zs

- 205 -



Void ratio e

0 1 2 3
0 T T
A Wood method + Gassmann theory
o Biot theory o Foti method
5 a Volume
10
E,
=
=3 A
o)
[a]
15
IN
20
25
a9 4 A A
6. 24 2
B oERAAE AW F2E 44 A S8R 2 9uE AN GeHoR P ¥ 4 e 7
Wel diske] ATk ol ARAH R utTbgel A w4 F £ e BARES A2T 5 Qo] B8
Aol Y3 woia 3 4 otk 710 AEE Wood (1949), Gassmann (1951), Biot (1954), 2] 1 Foti et
al. (2002)0]&5 R o® shof Fh=njol] thek = QA" 5 Ackd o] &8 ATSUTh olek o] A
Qe e GEAEE, AvsEE agn 24 AGEAFETe] AR T uebd 2zt AHw
AR e BEARS olgdtel e o, 258 A AN AsE 24 SR SEE o
gato] ALtednh At IS AW H A Aol AT B S 9 AHT AIEE o] &5t
AFSA WS FAEE FAES Sgske] APNE FVP g2 g5stgion, 7] maazkt o5
g & o] &dte] = 9 Adn SRR mEsith AWddS AR AHAF Fo] 71EAQ #AAS ol &
shol rFulm AdelT AFAPIA AAD At dRdgen FEEHS nHele] A4 @
=H] & AAsIH T EolE FyE A4S ha1] vlu A 2 A e Gassmann (1951) o] &2}
Biot (1954) ol2o= Alrkek 7h=u] gho] Al gyt AJ3s] fFAsHAl vebstth ook 2 ol ' 9t
SEE A7 GSagAn, Avd O JPYFE BF AR ol§% Aow Audth ueh F¥
deds @el AAR Ak FEEvy AR 34 slo]l AFel BT SRS o4t Au
FH] e A4 @ % gkw Alsdc
zAlel 2

= 2008 B9 Ao w g A TH(KRF-2008-331-D00603) 2] A& wWro} =3l <o)

- 206 -



ok
L &87, REd, 284, o197, o]FA (008). *FE% B AUt 54 FVPeE o g3 13 o
7L @A Eete) Sekany] 91908 Steu s, ppl25-132
2. FFANZEE (2005). “RAOFA M A A=, PN B

3. Berryman, J. G. (1995). “Mixture theories for rock properties.” In Rock physics and phase

relations: A handbook of physical constants. Washington: American Geophysical Union.

4. Biot, M. A. (1956). “Theory of propagation of elastic waves in a fluid-saturated porous solid. I
low-frequency range.” Journal of Acoustic society America, 28, pp.161-178.
5. Foti, S., Lai, C. G. and Lancellotta, R. (2002). “Porosity of fluid-saturated porous media from
measured seismic wave velocities.” Geotechnique, 52(5), pp.359-373.
6. Klimentos, T. and McCann, C. (1990). “Relationships between compressioal-wave attenuation,
porosity clay content and permeability in sandstones.” Geophysics, 55, pp.998-1014.

7. Miura, K., Yoshida, N. and Kim, Y. S. (2001). “Frequency dependent property of waves in
saturated soil.” Soils and Foundations, 41(2), pp.1-19.
8. Santamarina, J.C., Klein, K.A. and Fam, N.A. (2001). “Soils and Waved.” John wiley & Sons.

- 207 -



