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SYNOPSIS : More strict construction control of railway roadbeds is demanded in high speed
raillway system because of heavier repeated dynamic loading than conventional railways. The
aim of this study is to propose a compaction control methodology of crushed-rock-soil-fills
including as large particles as 200~300mm in diameter, which are easily encountered in high
speed railway roadbed. Field density evaluation and in turn compaction control of such
crushed-rock-soil—-fills are almost impossible by conventional methods such as in-situ density
measurements or plate loading tests. The proposed method consists of shear wave
measurements of compaction specimens in laboratory and in-situ measurements of fills. In
other words, compaction control can be carried out by comparing laboratory and field shear
wave velocities using as a compaction control parameter. The proposed method was
implemented at a soil site in the beginning and will be expanded to crushed-rock-soil-fills in
future. One interesting result is that similar relationship of shear wave velocity and water
content was obtained as that of density and water content with the maximum value at the
optimum moisture content.
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Water content

1.M E

ol 5o A2 FEFe TR R £EA2RY Fort §Eeta e Aol welbA
n&Arer ol tigshudstd Aol wixslE, wikAge] wE A% 54 T A% =do) ¥4
Arewte] A7le G- AN vEol BAH X
BE T4 EAAE olgstel FEHeR F9d £ vt Axxwt @A FHH GIFd 7IE
A B Ee Aol B AFS Wrsh] A 283 vavdE 99 4 sAAREsE
E re A)E A3 AP ol Stokoe and Woods, 1972; Stokoe and Abdel-razzak, 1975;
Hoar and Stokoe, 1978; #31, 1994; Joh, 1996).

B odTE dmwte B4 244 WS Adely #8dy] 9§ V2dTEN s d g

607



&

o183k} Aty Eel g A5E Bohel

=t 5
8 AdaisT(shear wave velocity)E A L2 &8s 314

<
£

28 gapolek. 56 anga mike) AR
R AR A9 @39 2 FHo] ofgg] dExwte] o #yrt &olahx Esha, WAAS #4E
A FAASA G HEsh7) ok 2 12 WEAF FH oleled wojFe S oot
AAl nEdEe] vk JEAE 38% & A Ad 274 200mm~300mm7tA ALEEE Alshgo) ¢
A AAe FA el met BEeta] 2E Aas b sbsAe] A webd 2 dgelA s @3
AN SAF S HEop Aold gy A FAAY AEnSE ASE Sstel a4 g
FASTL JE wute] oy AElE BElshe weks ARbstaa g

S

29 1, A H-EA} AExAY] HAA)E A g
2. HF EMMIAIY
2.1 gHE-EAl ME -HE

YW-EAL AR wube] T $ rg AUEINE AF T DSHAE AN SRR
FAsAch Ao AR n&AE Age Y A Fee A @A AR Agol U
B Aedled, B¥ 1743 EF 33 —rf— 51’42]01]/\1 NE go]m ;q\:b]rél:}_%

TR ARAEE SHo)= ARFE €
2 Z WK (surface wave)E ©] 4% SASW(spectral analysis of surface Waves)7]
EF 373 = A% o414 SASW7]H4UP A=

a9 2t B¥ 1779 gumEolth ARawwe] FrE 3molm AAN $le) ey 6.5mol
o AbRwbah enne) YEARE DETFHY uEe ARSI dRwte] Ao 5497
200mmo]™ 30cme = FAZ oAk sRwule A 58 9A0] 300mmel™ 50cme] = F
ST a9 33 4% dME-RA HE ARe) QIREERAD A4 94 welE

a9 2. Y Y-EA AERRE Juuin(Ey 173

EF 173000A F383 A2 2390 eEAgy AR Zod dushilsy 19 59 v, A
EAZAH AFEE HR s FAWEHSV-wave) AES WAA7IE 71AA 22 AHMok source)E
ARE-SEITHMok, 1987). % 6& B 1773 373 AE ol ddutd ot ASAZTAY
OEZAY, SASWZIHE e EF 1770 AR wwka gl Agul&Erl 400~500m/sec
MR SAEHA0W, SASW/IHT F8% BEF 372 ARshi kA destd et o

608



300~400m/sec WHZ ZAHFAG. F 93 ZF AR Zolo] wg W} a4 gk §A@
EAEE FU AUAR g7 el A 4P £w=s} he Aelnl, thh FreHE olfE

100 LA A AR T AR T |Hll\l| T
T b Nite o (IR u
90 [iritrr T\t -~ e - YRR -
e ) U IR e .

80 ittt - Rl LR SRR A S R
L | e it
X 70 pret e+ - o il R e e el TR o e e
" AN | O [ NI
7 Y TSR |V N I N N
i L1 IR NI | o
w50 P b o R I s L [ [ s pRp
= TN R [IRRR N [N N I
w 40 FHE R b - L s N L b s e e
o e L 1 TN N I
K71 Y LR RS R T U I N R P T e (¥ N R R
e DL 1 e
| Y LA N S e S ¥ IS Sy VW W NQ S U N W
ey Wit NN Wi
R Y O v S R R T W I A B o ([ T
10 NN Wi e M
o Ll gl IETN ] TN
1000 100 10 1 0.1
A=7], mm ‘
Az L=yl -
Y 3 AHEE AR A5y JEEERA 18 4, bW EY-EAL AExuk
I I I
0
-1
-2 -2
- La
= -3 = -3 % ><>06:0 N7
N N
@ =
e O G e a

| I | I ] ! | i l

0 5 10 15 20x10™° 0 10 20  30x107°
Time, sec Time, sec
(a) A22E b) eE
a% 5. W E-EAL ARwwke] Zopd AuuAI[EF 177H

609

o ok



Shear Wave Velocity, m/'sec Shear Wave Velocity, m/'sec

0 500 1000 1500 0 1000 1500
o T T——— T T — Q0 T T T T
A2HT g QXS poZ Y
EZ322t EZ1F2
SASW (Center Line) # Crosshole Test
Downhole Test
5 | ~ ~ SASW (Wheel Path) 5 | o SASW
r“
i
g g b
€ 10} £ 10} -
[ < {
= = i
1
|
e
15 | 15 | i
i
] |
! !1
| ]
20 . 20 ——
(a) EF 193¢ (b) EF 371
a7 6. gE-EAL AEwue] AEEE FYE

2.2 EAl JE it

AL AEANTE LT Ay Wx 24 9 e g AgEhr)el oA
"ﬂ‘ﬂ] AR BEAME HAEARER AR Y 5| 2
ol A kAl AFE P*lxl‘:’} A -EAL AEAQRY thF FAA gigk AW Ak A
o EAL AEAR] AduASZE A5t 3 =
%3}71 k=

Z 507 Z YJAEE AQZeAIAY, Oe-EAY, SASWE FYsiditt. dvrdE A
o]Folx RE ANFEF BAIAFHE Aol 3k 231 Y (uncased bore hole)oll 4] o]
lf;J A=A 5= 2z YA AERA 13(Site-1), X HERA] 23(Site-2, Site-3),

B2 23(Site-4, Site-5)0. & FEHAT}  Site-29 Site-3E HE ¥o|7l IXNLEHEH
QU% Site-49} Sxte 5% 2~3m A% 99 SAARE vuHFE7]| st Site-2004=
}1% 7} AAste] Polel S8 BF HAsIoa FolgulE AT ARAETAES
Aol At wAAE ojp) & AFANERE AZTE AMR-EE EyA WAAE A
(Mok et. al., 2003). T&HAE Frolx] AMEE ZAA G149 de] A Azd &
]Tﬂoﬂ"i HEAIA 7] = Ackate] A Ro] R uMgH(SH-wave)ol .

t A} zZ4zre] Aol ohgk A s AEE 3% 73 8o JEUT. 39

(= Site—2°ﬂ/ﬂ Fgt AR2ZAPY GeEAFY @Ad alZzolt. 1y 7(a)E SHIke =4
(polarity) & ©o]&3te] dAutsas el mEAde ARE ELY Aok 23 7(h)E Site-29] A
E Zojd Pz} AMFolr, I8 7(0)E HeEAPY T4 o83 ddsalao = ol ¥
8 Site—29 304 ST SA PO 2R

N

w2 ool
z:

> o
r o E
:Eu vl
» M5 do e °5
_tﬁrri
r1r£~
i%»
U ox
o
oY f'°"

oX -[m HTT
O_L:'

M9

ot 1l o
>,

.
)

R 5 o 3
Toox oy
i m

% o
< fn

2 ok 2l
_0|L

28

O.‘>i Flr o
> 2

(o3 r,
-
2 ot O
nﬁ >
r{o

3% Auspdzolth B ATA R AEEA
AR s AFTO) WA BAVE F4 BFOE ) Adskel 54 Bolo) Fgle] AW

DACE AYRNEE A AP ARIHSV-wave)9] 213 W (wave propagation) G4
Aol At

610



a9 9@t Site-29] Zold AuunEw FALorh FRaEAPoR AW HEHIHP-wave)ot
AdakSEgie Fokdn()E dAstalor, ol 5m ol Aol A} sopgul 7k 0.69 7H7he) ARt
Aol Aol £ & & ATk AR wnte) deuiEwE 200~300m/sec Mol EEEA
a9 9(b)i= Site-49] Zold HAPIHE FAE|T :LFJ 99| Site-29 Site-49] A EW ¥ de&

el
HEEs AFE Sl ula

5] EASE ol4F SASWlHe) ARstEEs} vha 2 FrhEsc
Uuld Aol A% nsd Aatelgdon, o Agoel FaE @Fel Fxe Jaon weHt
SASWZIWE W7k WY A% FaHon, £ do| Av F Qstel FHA AT wRAEL
W5l wolth  webd Aglo] SAE AEwwk AR AR Adstinsl gevel UEA 3

R C [

T T T T T T k " T T
------ N i
1 oo " J A N

,,.-,.i\ i /\/\,..,\/'\\/\/\’,—/\f/.,m'

Y- l\ﬂl/ T AN N A VA e

e 3 | S o]
3 -,,._HV\N,\ T e
~————"\ \/ T P
Sy A g— P
g T I AV I
= = e ‘\(\,\u{/\f\/\/"vm‘\; e =
& B VA . B
2 R AV e L VYAV VN
[ @ '\f\\)‘[‘“‘ N T e Nt
G“*‘"—"./\\I s Ve \ /\\f\/ AN
- ';t \:/\ N VN
TN
t!" it v op
] 1 \
TR RN /\\}'1,{1‘\/\ ;\// \
Ly vyY Yy
R [/
| v
i
I 1 i 1 1 1
0 5 10 15 20 25 30x107 0 10 20 30 40x107°
Time, sec Time, scc Time, sec
5 . O .
(a) A2 2Z: SH-wave (b) ABZ2E: ve (c) ©&%: SH-wave

2 P-wa
Y 7. EAF AEwwre) Zopd e a9kl 3 {Site-2]

1 ¥ 1 T 1 ¥ L
W

]_2-—“”’“‘%\’ “‘\Nv\

“\o/ A \/\, e

2_2—%”\." \‘\ - Jﬁ/‘\/»——v-\“_w»\_
——WM.-—.V\;I ‘\ I WEV SSRGS -
/
3. 2ffrrm -\‘ /—\,/ N e} ; ‘f\‘\\/ /
g e /‘\ oy N i e g ’(}! ‘\1 /\
) S 326w i
% YT R A e § %?ﬁ\f o’ W e WA
A AV 2 !
e r\\‘ oA, //\,‘r"’“-\..-m’* """“*‘M\’/ﬂ\\\w /\/\*‘\-n/\
Y R VoA AL~ { I
5.2 ~\-\//\\ ifj \ TN e 4.0 M \;ﬁ\\ ;1 \\/’ﬂ“\./\
_—-_.M«./\}' \“' P PN -~ /\\\,
A RSN S W
[ SO _/\D/ \\ /\\f"\\ “‘"‘\K y f \/‘v/\/’\i\
FARN AN /A \\‘/ z’f\ - 'f\
Y \\ {/ "o’ \ [ // N 5. 2t § PN
v A R S /
i N . 7
1 (R | (VA o ! , 1 ! /\, £/
o 2z 4 6 8 10 12 14x10” 0 4 8 12x107°
Time, scc Time, scc
(a) Site—-2 (b) Site-3

18 8. AEAIY S o] 83 BEA AEwwe giF A duspile

611



Shear Wave Velocity, misec

Shear Wave Velocity, m'sec Poisson's Ratio
o] 200 400
0 200 400 600 800 1060 0.00 020 0.40 0.60 0 — -
0 v . . — :
TLL‘,' & ' . l H . Wt 0pE2
i o H H N 4l "
L o . T Site-4
2 r ;‘—‘tg o A M: | ~Inhole
kla? QV : ; '[ % § ~— - =Downhole
ot et L~ sasw
4 Wf* R N P i?f SAS
! I3 [ Y ‘ ‘l .3?
& e o Y 2 T-
6 ’35 ] ‘. i
He IS - = -
s % o . = I
= = [ ]
28 L. = !
g i : : A :
ot ; =St o2 ;
i Site-2 : ; at i
i # Crosshoie(S-Wave) {
{ > Crosshole(P-Wave) H |
12 i essresncn ~inhole ': } €
- — - ~Downhole : b 3
P e o sASW i
14 {
g i
—— P a
16 s : 6 H
(a) Site-2 (b) Site—-4

% 9. BAb AERNY AunihE FYEsh Lopsy)
3. ALY MEHmAIF

3.1 CIEAIE

2

BA o) 3718 WEAYT AZEAFHRDS A4 AFHOR o HE Awe
Ag NHE =

[¢]
A8
Fo) EUEAY Som

off b T

A D)

(2 o% o
o

37}
200~300mm7tA] H=5 ¢
g 957 98 Ansss

Ol
ol
=
i,
£
5
=@
T
e
o 2 Hr

A4 @k webA A O3 B
ATl e U E-EAL kAo o
3 g AS bt

AAlge] 2ag AEE AFHAGTG. a9 12
th A AZRTAFF ()2 19.14kN/m?0] ] a1

o X O it ofN o
o H

Cod ¥PH(KS F 2312)0.8 T8 ohxatx o]
FER(OMO)= 10.17% 9t

2o e

2
=

S el g ddaASe GraAe) gl W QREES o8t AW 2AE 5
8 vhefe Aol BEEAse] did Ave 35S vt (AT T, 2009). SRAETH S B3
TEAAN FE FAA gl TF 103 Zo] dusE DA wAE ddsE 24T 5 9
=5 ¥FE 2 steo] Ay AeUES PAG. AusSel AEg Ay AdMEE /AR
10mme} AR Rgoln] AFHolA AR AZe Aok shute] v FAAC A4 FokeE
Hhp e g AusasE SAsA oM, 29 11a)dA RE upe o] Wiy dejdEd slate 7}
R Fuprel digel A9 glo] JdAY Ads g NS BoF) a8 1) Fulrt

o]

12.07%0]131 AxT9FZFo] 19.31kN/m’ tbg FA AN Z4% Arolrt. thE ZE FAAE

612



9 BAA A WAAS A AWES) G AGT Fapo] Fulo] Wbk ELA o]
YL FANYL, 1 F RFH) £ AEE A¥se 1Y 110)O) ek A deusg
olgstel A= Brvlol W AushEt 219 119 2k
a9 128 garlel e SRk FAAY dungnot. AzxseAt gaust FAES 3
W Eoh AR Fhs Hu) 370m/sec7h ARsHEES Atk HEUIE A o FAA
7 GeFol W QRS 345 Aopd ghu) 15% ool AwsEEs} 120m/secrt ) 4
ofath. olsh ge Ads AF BANAPY ARE weHon T WAH dvh AN
SASWZIH S olfdte] 543 ARHERE 222849, GeEAY 283 JFRARAYoRRY
e 7 . G olgoE Z
[

] I | T T
Water Content : 12.07%
Source Voltage : 80V
Distance : 107mm 5.224
Travel Time : 0.348msec
N
T 6
~ 7.125
- X
>‘ (=)
O =
= ‘a 9.488
oy
3 =)
= QO
B o
on Q 12.07
8 10 WW 5]
= =
.3 14.51
12
17.16
P . VAV
| i { |
0 200 400 600 800x107° 0.0 0.5 1.0 15 2.0x107
Time, sec Time, sec
(a) (b)

a9 11 bR F gl e dn) 12.07%9 Adhabal 2(a)9t
gaulol e FATR FAA Aas AEb)

613



20 H [ A I I ]
Gs =2.595 R .~ ¢ Dry Unit Weight

rdmax = 19.14kN/m3 5 "\ . = - Modified Proctor Curve
OMC = 10.17% R R C  Shear Wave_ Velocity 1400
O. 5 O —==_ Representative Vs Curve

- = 0 2]

en 191 o £ NS -+ §=100% (ZAVC) =3
% ' - S =90% 0o B

- —_ 0, '
< S =80% §
=t S
g 18— é
= . 1% &
S . 2
b Q N . B\
A 17+ SATIERN &
AW \ —100 ©
; 0.9 rdmax = 17.22kN/m3 . L
% Y
0.9 Vs max =302m/sec . .
N
16 bt | 1 | ) | =0
0 5 10 15 20

Water Content, %
a9 12, Feu)e] e AR AR A2ETH 2 AdsEe

=

{

e Jw 2 M

Hol 9)RZRE Jlex A &= AFEiol A Wi Al
o2 Aure] AW @A (shear modulus) S8olH,
g S99 o8s we=tHHardin, 1978).

T
o
AgnEr B AAsAFE Aol

u ok FAAG SN FETEEY
& JlelA ekgkeh ey o o ool o8] B RS dolA BT FHGH] BroA
F3E A% AFS GUR dol Ul ATk AR =S HEd 39 GAS ¥ W
B3 oA 3o A9 uEl 94 Fo HAHE 0% F4SY T AL 5 UL wF 9
ol A% Ao FHHL F HE Zoliz @RolM 549 dussEe dRere AWAE P
%52 glo] 248 A AdsAZHe) A ARHL Wwsk 5 ol

B polx ARbRnA sl Aol WE $4 0 o Bat A F A6 o8l aAL 5
SE i

PolA hEAE S FAs MY AUES ol §F AVIAZS WABch U AAgE0oA
AastEest 4ok gk el A dusss JunYEs uelse] BER st dddiE
(ex. 909 Foh AVASES AABG. 1Y 139 2ol AHE AWHEEE AP o]

AastEme wmetel Yol AE B 5 Aok
QP E-EALR o] Fold AE wyt Aol uld B meli EAROR ofolxl AWAR HE .
B AR B AUATE HPOR test Pol ALHOR ATE FAL A 2

614



=]
aI:l'ﬂ:

Al

1

SR

Al A

ark
=

2 94739

=

“EAAE =9 Alae v

=

2]
W A estA

Y

o=
Al
=

9]

al
=

&
=]

o] B

<

200~300mmell &l

FTAWHEFTE HE TG
TRER/a®HAL T
mﬂlﬂ‘u&_.ﬂul,muﬁu ‘Moio ok
Ew Bt MR B R
LT ®E T Y T "
7 W A4 =
_m_ Oﬁudvﬂoéaﬂﬂﬂnﬁ 7L11_A| ATWH
ey ST THEL kw2
- ﬂmvﬂ <0 ;Ho ) o L EO
C.m ,OI UK ﬂHﬂIZTm K Enﬁ ﬂo ;o.._
v Rm B, = A T
2} oo By T E =
i R P IE
B3 ML HERTE g BT
b= =) [ o " WE‘N..@M7,WL
3 3 - oo ool = u,ﬁ (- it Ry =
H N mﬂ1aﬁu LL.D e
x B aﬂoul,Wall,ﬁ i ZHEUW
. 3 BT s m T g.oqmlﬁ.é,u/e
Z o $ 2 B & J Emﬂii} x]%ﬁr
= 3 M sefsg I Mo ke N e 2 By R
E e 23§83 = onl TR o’ oo <~ T WH 2 =
" Sy EE 4@ iﬂ < M E:.L —_ ~ % T
£ gofams - e W < g
£ (T ) 0w [
Z s 8l | ® SEAS  Twm wyFTIET
f el 1T rsyTgzd ERzact
z T Ty ® muﬁx_zmw
i T W T e —— C-y r N \_LIEL\:J
A o R = il shrg,Pe T iels
~ L. - — -
i i . ik W oM %n@ﬁﬂ%?aﬁﬂiq
2 - B - -~ 2 o = = .
= Q%%ﬂ%%%ﬂi%ﬁ@ﬂ
X ﬁ.ﬂewl%oﬁéﬂ%%aEL,%o_
RS oR O] LVO__OD @M
o = K 7% ‘un.ﬁﬂA el
o L Ar 61t7M}FL,A 7&!1@!21!
° . * ° CERXaEefe g
nrpds % ﬂAM}%ﬂo%iad;El - B
T el LB oA R
X = ) w g& m o Foo-
= ml.m 1?aﬂoioﬂﬁ.ioﬂe
= W B e o B g B
AW T PRy S H
3 o R RE e
- iuﬁﬂ,%x%ﬁaurm]ﬂu#l
¥ ® RN B RO N
=) i} Q- — 9 zo fd X0 S
%o r ﬂmo.A X%amﬂuull‘mﬂ W R
T NP o = —_
i ! Emucwr_ﬂm%ﬂ Fo® oo B
| I I S
il . ZEE < \_uML‘.mvl ' T y
I R N e 8
4 R S S
£) n B ook B W W OB

615



7 EALA(05A19E-08)2] fE A ‘A=
AFAE A3 A (RO5-2004-000-10394-0)

wrol g A AdIolw ol S =¥
stes @Al B Egd FAl dxd=riedydd Adg

—

H-83(2002), ]H 33 Ag-o]

2 3 A%, AAAL
2. BdH(1994), “A4o| B 0§

e A M) dF5ANEEE =, A10d, A4z,

rf' rbm

pp.29-37.
3. A, A, HEA2000), ‘B BEE ASS AT v dWES] H8 A FHAEes)

=%4, A2138, 5%, pp.215-223.

4. Hardin, B. 0.(1978), "The nature of Stress—Strain Behavior of Soils," Specralty Conference

on Farthquake Engineering and Soil Dyvnamics, Vol.1, ASCE, Pasadena, June, pp.3-90.

5. HoarR.J., Stokoe, KH., 1(1978), "Generation and Measurement of Shear Wave in situ,”
Dynamic Geotechnical Testing, ASTM STP 654, ASTM, pp,3-29.

6. Joh, S.H.(1996), Advanced in Interpretation and Analysis Techniques for Spectral Analysis of

Surface Waves Measurments, Ph. D. Dissertation, The University of Texas at Austin.
7. Mok, Y.J. (1987), Analyvtical and Experimental Studies of Borehole Seismic Methods, Ph. D,
Dissertation, The University of Texas at Austin.

8. Mok, YJ., Kim, JH., and Kang, B,S.(2003), "A Pilot Study of In-Hole Seismic Method",
Journal of the Korean Geotechnical Socrety, Vol.19, No.3, June, 2003, pp.23-31.

9. Richart, F. E., Jr., Hall, J. R., Jr. and Wood, R. D.(1970), Vibration of Soils and Foundations,

Englewood Cliffs, New Jersey, Prentice—Hall Inc.

10. Santamarina, J.C., Klein, K.A., and Fam, M.A.(2001), Soils and waves, Chichester, New
York, J. Wiley Sons.

11. Stokoe, K.H., II, and Woods, R.D. (1972), "In-Situ Wave Velocity by Cross—Hole Method,"
Journal of the Soil Mechanics and Foundation Division, FProceedings, ASCE, Vo0l.98, No.SMb,
pp.356-359.

12. Stokoe, K. H. II, Abdel-razzak, K. H.(1975), "Shear Moduli of Two Compacted Fills",

FProceedings of Conference on In Situ Measurement of Soil Properties, ASCE, Voll,
Raleigh, NC, pp.442-449.

616



