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Department of Civil Engineering

National Chiao Tung University

ABSTRACT

The excessive land subsidence induced by over-pumping of
groundwater is usually explained by the consolidation of aquitards.
However, some evidence from field measured data has shown that, in
some cases, the compression of some_aquifer (e.g., sandy layer) may be
quite significant. Generally; 1t is difficult. to obtain undisturbed sandy
samples in field. Because- the results: of laboratory experiment using
disturbed specimens were-unable to _express the real characteristic of
in-situ layer, this study took the.disturbed soils in Choshui River alluvial
fan to reconstitute by pluviation and consolidation and try to examine the
compressibility of deep aquifer induced by groundwater withdraw.
During consolidation, shear wave velocity were measured by bender
elements embedded in the upper and bottom plates of the consolidation
device. The state of the reconstituted material was examined by its
shear wave velocity in order to match the same wave velocity as obtained
from in-situ P-S logger tests.  After material reconstitution, the
specimens were subjected to loading/unloading cycles to simulate that
effective stress changes due to the groundwater-level fluctuation. The
results of laboratory test were also compared with field data to verify the
validity of the laboratory model test.

Experimental results show that the stress state of in-situ layer was

il



influenced by the soil deposition (e.g., the arrangement of soil particle),
stress history and others. These factors cause the stress condition of
samples were not consistent with the state in field when shear wave
velocity were the same in laboratory and in field. Because the stress
state were not consistent, the way that reconstituted specimens were
returned to original condition by comparing shear wave velocity is not
better. However, it is still acceptable. In the future, the factors should
be overcome while preparing the remold specimens for laboratory
experiments. A series of laboratory consolidation test for modeling the
groundwater-level fluctuation were conducted in this study. The results
indicated the deep aquifer of Choshui River alluvial fan was compressed
by loading/unloading cycles, and the rebound of sandy layer was not clear
as the stress was unloading. ,These fihdings show the compression of
aquifer due to groundwater-level- fluctuation is plastic. Hence, the
compressibility of deep aquifer should be considered when estimating the
land subsidence. This study alse finds the compression of aquifer with
thin clayey layers is time-dependent:’Similar phenomenon was observed
in field. Thus, the laboratory test may explain the land subsidence

phenomenon contributed by the compression of deep aquifer.

Key words : land subsidence, consolidation, aquifer, shear wave

velocity, thin clayey layers
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Ah: ¥ T k=T g
hy : "% Rk EE
oy - "FREA

RN ZER T U SR ED SR PR £ SR ST

Do btk BN Y LM E B T BTk T A B

PRk E h S P EERZ2EPE 0 ARRE T ZEE YR

% VIR o

14



S IR A Bk
S 2 | BT 0)

P R (1)

W27 72 K 2B BRGF R (IrS 4 > 2004)

223 3 kA RER FIF?
FE ke K g R R R 2R

kG M - E I IFEFED TERER 2 E R
VA E e P FHS AN ER L U

SRy 2 2

M

Y RF AR E R T R (R 2-8)
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A7 b Flp T RETHAL 2 5224 27 g 244
g, o ot FIBRG MR AE R ZoREY 2RI TR 2
TEDME O RGE G RERRIE S NS R T AT R (R
FREFFRRE ) ) BERF B 2 TR B EG ST E2ZR G R
BORTEP RGN % (LH 292 B 2-10) BT EE TS 2
B EFREFEREGE A e A - MM AL R EARL T

@‘{ﬁi? fo KR (L A Feae F 97 0 2003) o

{2) Wery loose {e = 0.91) {b) Very dense {e = 0.35)
Flan Fran

Bl 2-8 7 ¥ F)2 34 8 B (Terzaghi » 1996)7 £ 7] = 7% (Das » 1984)

0

N
S

)

kA

~ -10
k&

A0
—

\;né
pe =30
4] A

A
%40 AAA,
~ A A
e AA

LYV AA
A 50 AAAAAA

> N
Iy

4
Ny TN

-60

88/8 89/3 89/10  90/4  90/11 91/5 91/12
p o (&/7)

Bl 29 #eFRLE ¥ T TR AR E(D AT > 2003)
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LR RIS AL RAHE(2A)

-8
92/1/9

92/2/28

92/4/19

92/6/8

92/7/28

92/9/16

92/11/5

92/12/25

F12-10 t* P g5 & % & & B 45 % 1 Bl(1 A B> 2003)

LANE )
#E R HELR
R FIEY
E IR 3k

House Structure) (Terzaghi and Mersi > 1996) > & R f 4% ff ©
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ﬂ:t@-zg

] 0t
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Y T ENE

» T “.l‘- Y 2
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Wipdr w23k HiwfHfig
IR N A A RN SR R L
Bl PREERE R 2B A
2R E Ry R keGP
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A

E
™
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0 B

B2 Bea (LW 2- 1) 2 2

Sldew il P A2 B I HEME kA
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W 2- 11 & k7 3R ST W

73R 0 (1997)% #8500 R A (oAl 5 B2 15%)ie 7 ¥ @
B G E%  LREES SR 2-12 497 o f WY T 0 e and R G
BT R FHOREET R ER T B R - R RET

AR BRMAHBAET  ERHEEGAF AR SS 5 Rk

il

W RE e EM LR EZE TR AT RIS 2 £ 4 7 B 3% T

B0 AR AR LB A AR M R PRRE K B
BOEAR Y o oA Pl ARl K A A RBEEE L5 kH o A

L
ok 27 ER N EERFR G TLH 0 2004) -
BAGHZ T R TR R RGBSR LY > RA
f]»*‘u«”iiéﬁ% Frpd B REGIEE D dodb 2 o L F R T RER -

%TFNE ’ E'J%P\?Eﬁ*“;},ﬁl/’/i %L@‘{ﬁ'fﬂ;’ FOE LR 2 e
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1.0
~ MILS
| ] Initial Dr= 24 %
£ Initial Dr = 38 %
0.9 - )
2} Tnitial Dr = 62 %
B Quartz sand
08 Loose
w - — — — Medium
o b
*:;,: Yamamuro et al. ( 1996 )
-
T 07
=
0.6 —
0.5 —
AT N A R Tt B SN R TTT B R TTTT B
10 100 1000 10000 100000

log p' . kPa

Bl2-12 5z ¢ 3w BRERRERKGREEF > 1997)

2.3 F3EF 4 Lk R

AgEAAEF PN T 4 L7 2 (Bender Element)i# s #2 4 » £ ¥ % ¢
AEER DT EHHATT 27 RFEHGE 23 AR T4 P
2.3.1 3} ¥4 4~ i35 (Bender Element Test)

FRIET A LB RS D FE RV + & (University of Texas at

Austin){] * 4 4 % (Shear Plate):& {7 ;%% (Shirley > 1978) » H = & 11 7 & ¢

{w
v
e
%,_
EH

BR-Kde o i o AP PERE - pow R RIHRY
i (Bender Element)iZ jB~ v Gt 4 & > FJpt gtz p P4 LiE R 2 SR

* — g 4 4 = 2 (Bender Element):i 7 € | °
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BREBAT A 5P BEIHS F@dE> 58 2 Rau i 8 €5
R A o PSR R L D 2B FE LS B
bk RS2 P AR 2 FEPETD e LSRG D X EE Baa B
EF T4 Rk B do@ 2-13 -

PIG A4 P - s Sl d 4 R

TAR S ¥ -EET A A dd AR T4 RAERER > {7V Y
V,=L/t (2-13)

L @Bpes

to R
1245 Dyvik and Madshus(1985)## 3 I E 4 5 R ¥ Rk B 257 3
FIR(E 2-14) > A BPEFER LR >y gh2 £ 5EI95 mm i T A R

g4 /ﬁt’bl’?}/‘)\ AR B E R \‘(2 13)/1;L @‘&E"%ﬁ-L)%F“ Fé%ﬁrﬁ B
PTG AR o L BPEE L £ R - B 2 2

'j:;'—'ﬂ-% & 2 oA A4 /}91/%3?’%1;‘1;’%_ ~ A -/‘}g“ylfi;}-_{k | ,;9:”?"“]‘\ "t”t?‘ 5%,

Dyvik and Madshus(1985)4 TARAAEFRSE BT H
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R

| CENTER
[ENTER < ELECTRODE
|~ ELECTRODE
DIRECTION OF
| oRecTioN o T POLARIZATION
POLARIZATION
SURFACE
ELECTRODES
SURFACE
ELECTRODES
Series Connected Piezoceramic Parallel Connected Piezoceramic
Bender Element (Receiver) Bender Element (Transmitter)

B 2-13 & T M %2 @48 5 (Dyyik and Madshus » 1985)

1
AN
= |

=1
"1

100 -

Length: mm

0 0-1 0-2 0-3 0-4 05 0-6
Travel time: ms

B 2-14 7 k43 A& ¥R 2 & @ (Dyvik and Madshus » 1985)

Qs i B2 E#

BT g B AR SR (Poling) e B > R 1 R RS ] 2
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P AR T M2 i F]0 Viggiani and Atkinson(1995)4, ) 2 3 ¥
PRkt R B - R TARERT AR TR
SEA T AT kR Y LR HEE TR 10 REE L T
PREEFEF LR TARE 10 REFF ARG EATR BT ML A e g A
Frir o

Q) A 2 EH 2 L BFF 2 297

b

INECE T R SENER - E R I R SR 2 LB SR “o Sl FaER o
FASN- R AAER - SR V- L) HLBPRER 2 N4
AR o AP R AGEE 2 s L REAE 3 B YL B 2R3 22 i (near filed
effect)§: 5882~ }I?e VL R EE R A R A A 4 2 A TR B P 2
B

Sanches-Salinero(1986) % + 4 & | i@ "W Z 2 /4 F 9 - d — BB A
SRR D LR e PRI SR - LRI BE S 1 2 fR TR 0 B
AR AT
1

S = r 2-14
4rpV g ( )

Pt | ! e(@@_{ﬂj ! L (%.)(2-15)

d od’ o'’ od” o'’
Ve V] v, V!
[=T,+I,-T, (2-16)

HY T2, 575 4 4850 (far field)
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T, % T, 5 450k 483 57 (near field)
L 2 e b S L AL o) - 3*‘3 He d BAEA9$R=1 - HX

FAag¥ra 2 B E BBV ALALZBRREL  RFRF VI R B%

B RS R B e E A3
d d
Ry =5 = 2-17
dﬂV ( )

2P d gk BRiEd

-
ETIRS

i E R

F1EBURETE GIERPC R ] R T 4 L
A PE(TPR, TG HCL ) ik 356 RS R EET G RS DOR G o A0
MBI A F B S R R 20 £ MR 54 (compression wave) £
WR B e FIRGAER AT A L FotF L T4 R v T T
MR A L) 0 IR G2 G AR »T i (near filed effect) o

Ry B EF]+ » d B 2-15 » 5| MR=1.1 2 R,=8.1 % e R /mit T 7 73
f2 0 % Ryl PE o ARFATAR g AR 0 7§ ROAPEIR o AR eng
Bl o FP VbR R R R EFES LT 0 FREOD R AR

% o ik B EARE o RS R BT AR X o d YRS AR o

fend 5 4
AR FI g K S TP Rt - YR 2167 > B 03B 12

UG AL o A (SR P R TS AR e
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B i A o

WL B PR 2 B w0 A SR 5 L PF > Abbiss (1981)3nE T4 R

PR > RUERTA2Z 5 - FATE G AR o Ra SR SRk e
A RS2 s 0 § RBICATIE BEE DB R TR
B AR g - B F o Ft 4345 Viggiani and Atkinson(1995)

w\

TP R ALFRIFLANT  FRUSG - FITRERFET 4 L o 3F

v

IF R AT 20% 0 ¥ b ME(1996)2 AT T 4 3 h ¢ - F ITEEET 4

I .
if Y Transmitted

@
=]
pi)
= .
= |- Transmitted
+5V - [
' =81
0 ‘l &
=5\ = | ’
+2mV 4 ! '| "L
i \x
—2mV -
Received
L L L I LI T L L] l LR LB I L 1 | L] L] I L L] 1
-0-5 00 Q-5 10 15
TiT

B 2-15 7 F R, B E 7|+ #7157 % % % (Jovicic et al. > 1996)
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+10V—
0 Transmitted
& -10V
= i
> +2mV- / |
WW*”ﬁﬂMme&
—-2mV - \
1 Received
| B B I T 7T 17 I ; B R R | [ T 1 77 I LB
-0-5 00 05 1-0 15
Wl

Bl 2-16 ® 452 2§ 4 L & ®A5(Jovicic et al. > 1996)

B GE 5 pew A PRS2 45 Mancuso ~ Simonelli and Vinale(1989)

”Lrlwkmlﬂ & » Hog @Bé:*ﬁ&”/}f’%/ﬁl»z‘/a:‘ -2 &2 "k’*%”](dir'/%‘" iR
PR S R FIERB s e R o

2 PER LG Bz 2 E

(A)cst 4 5 g
IR RIS T SR e Rk SN LY

Dyvik and Madshus(1985)#&
IEEF LR BT g AL

Téj ’311 4 ﬁtm ]—/;9:7?-}}:;7

Z_Prtg = o] o
BAYRNg o PR EME VAL R GRS o TSRk K FH
SEIPECEIEN: & R A

EERIRT oo FERERPE IR A ST B S

E¥ 2 S
1995 Mancuso and Vinale(1988)2 #7 % 4p 1 s 8 sl {4 4 F B 1
PF o B 3 B A BT R A Y 14 ~4 B £ (V)FF }L&:Kié\;_;{}’@iz_g IE‘JI?
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T4 st BEPFFOE T EF R R L A RER o o
M=V /TR 7 e B g ap S o £ 4o o7 > AL g R e B T & i
AT o

¥ ¢t Dyvik and Madshus(1985)i2 3% 4 jt ~ 2 2. % sk 7 @ * 5~100
Hz 2. = & » @ Viggiani and Atkinson(1995):2 2% % i * & 5= pF > 4 F B 4
5 1 kH~10 kHz 2. ¥ » 397 @ B AR 2l o

d A EmEa 50 WRBE R E ) AR PR R K
Bk, B F A3 1 kHz~10kHz 22 B > 70 0 p 18k sf & RE A 75
REEE o
232 Ry ik BRI 2

P ERC 2 - BVARTERYIS F R AR 5 gt 2

RRlzEE R o BV ERIIIFRLAEG 0 L AL TR G
Ry SRS L TR BRSO ¥ SR S PR R X

FCR BB RLE BRI (Body Wave)h A0 - L E A A RIUp A

4R F - TEEAE L B e B F2-170 B R R

ETINS

RHBZRE XL R2L BT A
1. B3t ;%48 l:* (Cross-hole Velocity Measurements)
2. T 33V (Down-hole Velocity Measurements)

3. 3 3938Bl# (Up-hole Velocity Measurements)
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4. Rt d-;VP-S 47 P]Z (Suspension P-S Logging Measurements)

7 AR BRI Z 0 T R2ZRBRIR o B I B

B R R BRI oA 2-1975T o g AFT T RBERIE R > AN A

FTRAFEEEE T F LG R AT REAP-SFRZE R AT

44

% Z FWP o

o7

F_L

Fa®e 20 3 L ) 0 e R B AR 2 RS 2 R

s ¥
AT ST TS T —
, -ﬂf*
s 4
* |5 @ﬁ

BER

B 2-17 i Bk €7 L BB Y {o¥ &2 > 1990 ; Ogura > 1988)
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Ze 2-1 3V BB

S R(Z AT R AR

F o

il 2

I~ B&F(TFR At #% fH2I
PR -
2~ A& A 2PRASVR

N Ptk AR DA B
T iR - A PR
A ERE E R R

3~iE- BRFR L BB FRER O o 22003 E R o BOR e A K2 T
g ou | TOFERIRRLSRIZE - it B -
S TR EEBRERARI I 22T 4 L (3 F R R RAX TR -
it © 4L E e AT x4 o
6‘%%E%2§’m%%%ﬁ£?§§
T~ Rk BRIERZ BEL R R
¥éiﬁ%m@°
Pe B R(EF R ™ - et 2 FHSE L RR) o |1 BRI W R A e
2~ 1% F4P foSH i o
3 BRI F G S R B R R (2 A RPN 2 R o
RIFR D H A o 3 BRBEELEERE -
N R R T R i
5~ PTiECE 2 ﬁ‘ﬁﬂi;ﬁ‘\@u—e@ﬁ:ﬂt}%@ﬁ-ﬁ':
B FP TR F B420Vp 2 Vs B 1] o
6 - W4 ki s k2 TET A Lo
T-HFRRHEETZE ] REEFLE
8~ BAEIUE VAR S PITieE R ST -
1~ B Fs Bk 1~ SRR 22 BT o
3L

22 BRI T EABLT R R 2 B R
A S LTS PR

£ P-Sit

1~ 7 oot sEimap € pPR -
2~ A X BEAREEl m o R @i
Bt Lt PlIERFFIL R

20cmz = K iE R o = e
ANFERIBRHRETE ) TR R TLEF 3 EEIY LR IR
5+ ;ﬁd MELA L HITT AU K2 R R Y o
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233 BEV 4 k2 NE

T st FEAIRe I PETS RRI A AT F Y dgw
He ZIVH 2 AR R 5 o WRE PTG A AT

(1)F <R

Hardin and Richard(1963)** 32 B R fin ™ » Mg E L ff & 2 /% * &
e BT ERILESR  FREFIR 2-18 7T 4 L X 5 aFREBE
FIRAR < L A% > 2 TR K 2 oo Mg BESER B o o fi o
Hardin and Richard i £ $f " 3 87 | k)t i& 17— & 7|38 5% T3 §F & 17 >
FhAeT

F125%5# » 00 = 95.8 kN/mi* =

V, =(19.7-9.06¢)5, (2-18)

F125%8 4 > 6o < 95.8 kN/m” :

V, = (11.36 - 5.35€)o, 10 (2-19)

A AR
Y
V, =(18.43-6.2¢)o, (2-20)
He v HE =5 ms o5 F <FR EiNm o
d PRV E A PR X o FIRZBE § KBRS

Peflsd T S R R PR W F G RS BRI RE 2 e o



(2)FL gt

’

Hardin and Richard(1963)% 35+ 3 35 f gt 5 /T PATR B RPET A

@F

A2 i AR (T ] ) T EARE §F 2 2 HREe

F) T g AR

T T L™ 5|° T T T T
g Confirung Pressure &,
- @ 40,000
5
= g 30,000
= % 20,0001 -
= 10,000
I T TS —— —
1300 063 63 o7 o3 1 i3
Vioid Ragtio &
1200+ 4. ~— Round Grains ~0Ollowa Sand 7
/¢ === Anquior Groins = Crushed Quortz
1100

- Amglitude = 10~ Radion prop)

(¥ ]
-
=
o
= 1000
=
_g 00
>
o B00
3
E
. 00
=]
L
=
T T3
300
400 ] 1 L 1 1 | 1 L J‘-H"l‘
03 0+ Q5 06 OF 08 03 L3 LI L2 L3

Void Ratio e

Bl2-18 MAF42 L4670 B Vs~ GAET Bt 82§ <R B

(Hardin and Richard » 1963)
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RIRGE MDA R 0§ R ERE . BERT

()i g+ »

3 g4 v K =0,/ 03 Kuribayashi(1976) f22-35% B % 5735 > 1 & JR4
BT FR K >25PF Vs €F K2#4em )5 (758~ K
B0 3 AR 0 WA R o A Se T BART SR Vs B0

T'&_)o_ﬁj‘J /’iﬁlﬂi JE IA‘&_ Lg;ﬁﬂf’f1g-—’ '?'}» /\?ﬁ‘ﬁ%ﬁ? g ra~,7 ]%]@MT«I—

(SR & =

BE AR R P 4 @ T s e BRI o B R R e
B o AR AR S G AP R 2 T AR G B R e AR > B
Fogk B GRS TRIEIVI A AR SRS 0 Tt - BRRG

A B R

ATALI & L B 5 g o

b g4 L aok? EmiE BYR(F AR A R P ST bR 4 3R
By d 4 L2 B F 7+ o e Hardin and Richard(1963) 2 47 fr 2 & && fo2_ &
CER AT R R oA R T S kA2 A

FEFOBHE O RET A REFR(TRFL G EIELG AL - F

34
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B TR PR € R
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24 FRHR I E 2P

BREIAEIEBEIHE IR FP IR IR IHEYERS Y
TR R AT RFRER R P FRTED D 2% R AR
F Y5 & ] o Durante and Voronkevich(1955)4p h 4+ @ fg#) 2 K > 7 1 &
R AR B A (TR )P BT M ERLE VIR X R R
B2-19T 7 P AR e A W o ¥R P A R AR ET 282§ F A
A3 2 3EF 4 (cohesion) s f > SR I A o Flet E £ B2 AN
TG EFREAARPRRZISE > BRART T B LeRIAP R o £ H
o T BB R G R AR YR R AL RF
T e PRSI el e o gd g P ERe I EBR S
Bop A% o T L BIESUARM AR TR AEF T A R ]
241 B2 A VA

Afifi and Richart(1973)41 * £ R #2477 &3 P RIAPFE T £ 2 2
THREREE  d A FREFHETEFFEF DR B2 T4 R
= HbgR 5 HEF - g (log )%+ #3% ¥ *t Anderson and
Stokoe(1978)~ F1* Aple @B & 4tds 3 ~ 33 2 e fo@ g 1 17 5 R
o Bk RRETT A g EA A HigR G HEF - pEERF Y
b 6%~13% 12208 00 F % ER)iE kL Ak Y T 5 A A

AT TERT A ¥ R f by 4
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DRY BULK DENSITY  (Ib/1t”)

90 95 100 105 110 15
20 y + t 4

18 + DURANTE AND VORONKEVICH (1955)

NUMBER OF BLOWS TO DRIVE PROBE 4in. ( 10cm)
[s:]

1.4 1.5 1.55 1.6 1.7 1.8

DRY BULK DENSITY ( gm/cm?)

Bl 2-19 2 R A gp)d pox l‘:.E'.'."':}%;PL i.fi(quante and Voronkevich > 1995)

28 t t
ANDERSON AND STOKOE (1979)
AIR-DRY OTTAWA SAND (30-50)

E

g, =207 kPa 10
27 ¢ e, =0.5
Yy =10"3%

|
=— G000 hy/@'-&d:
26 1 et 180

-

@-Eh'@_:i‘__.__________.

/\G DUE TO CHANGE IN VOID RATIO

LOW=-AMPLITUDE SHEAR MODULUS, Gyax
(THOUSAND PSI)
LOW-AMPLITUDE SHEAR MODULUS, G 4y
(MPa)

25+ _ Ac Ig a
To= Toa,, (14,7177 My = yogg ™ 10
0g,, (t,/1,) 1000 4170
= 1725 kPa
24 " ' }
1 10' 102 102 10*

DURATION OF CONFINEMENT, t (min)

B 2-20 2+~ =R T 4 fi e pF R R 7% (Anderson and Stokoe > 1978)
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Lukas(1980) % 3fs s fi 5 F 1 j2 #8k 3 F chF ™ > IR ade P
PRRIIHORBPATS B R RAET F MM o KA EF BB
GEREE 0 BB ARG LS o

Dudler et al.(1968)% #4438 (> &r friz L #) & & frifc LR 7 7 » B

HWHREE S EOPFET c HREHT AR R AR E §EFTR

[

&y

R E o ¥ RR23E PR A g R o ¥ b e dg DA RO

S

» 2

=T

g

\

LB A R AF R T AR EBETR P Bl S 2 o

Mitchell and Solymar(1984)4* %t =+t 2 % 4] &y (Nigeria) 5 pr 7 % @

Foo TR E R RF AU RPE R IR 2AEFFLF ) X
VUFI4 Y M ERER E DB ARE PR AR AR RB S R T o (EF R
Brehsg it > o~ JEfAR ReAXap o BEAR D K S R NEF PR R BB 4 o T
Mitchell and Solymar(1984)F | %#hie s AT# A 2 & 12 I 7 F (S
R 4Ed2 2 K EEF R g R B4 o ¥ by B ARE TR

~H R M EFRE o

ﬂ‘»

AFH T 2 F O~ LR S F (54
2.4.2 # i > i (Aging Effect)

d P T A BT R 2 2 R 0 T T - L
= [#i s l(Aging Effect) ) o #r3j ' #1 »fi(Aging Effect) ; £4p &AT

’I"‘%

o4

(%f.“

BT EF A EFRFFOREFE > It A TR
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HIF IR T 5 58

B € B 4 - Durante and Voronkevich(1955))*j£ O A Bk

v

Htv e 3 THET LA IIVEE RS FRT > BFER S E BT

T/
R T RTEED TITZY o

Mitchell and Solymar(1984)%= 5 #) * K X

AR BRI BT 2 RF 5 - F s AR R @ Ao

RPN IR R E 0 FP PR ATV R R AT R4 T PR

dv o % - Aoy % BT & 7 i (blasting densification): IR g RE

BiA NI AE AR AREE A E A T R H e o 5 2 R

SEFRMAS R F R B FI KD A oo 3 L B R

—n'*’%'LFLEJ ’?

B R TAR I B AR A TR g E o AT

56 B 1% i3 4 o B 18 Mitchell and Solymar(1984)~ 5.5 % = g8/ F] > » :‘]VD{

[

i

§ira!
o

Sy e Y
EIBB PUAR T R

= H A '@m}%'rﬂ]’lﬂ'ﬂﬁ’tﬁ;? 3¢

5

= VI T
LR R T2 o

Mesri et al.(1990) ~ Schmertman(1991)£2 /5 3§ 7 (1993)F 5 ® 35 #) H b

N PEFUNEPE R Ao B S o LR Tl cn S TR ] T

PIEAR S ARG R EATES > TR L E

2 fEF 0 R REI R e B 3 T B e 2 PR 2 B i
B#® o FLR)

s ST

2 B ERIE PR P A 2 Ao @ B4 o % 2 PIE_G ATk
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M4 VERER I Ao B 4o 0 TP R R RRE A T AT B o @ 17 BRI N
4v o ¥ ¢k Schmertman(1991)~ #& J1gzerw)d = € 5 S kA 2 > 2 WK
hpfer) oo

Joshi et al.(1995)~ B3 * A 3 B FF I T EN =27 FRBETE
FEPFH BRSSP RALE I ESTTRE BN EE RSB A kP
TN RPUSORERER A e o Rn E AR F kit A& on o RIENE
Gk A k2 B Rhdnle o iRARY 2R KB ARS - LK

AR BB (R 2D T A EF AR RIS AR ¢ R

¥ 3% o Baxter and Mitchell(2004)12 = 457 I i 88 % & >t £Lr) &2 ?f?/ P
FRpmed il BT R VERF R UR T o B o 2
THERTT AR ELFFER . > 2 XDk RETOREE T
Pk TR BHEG ARSI ERHR DAL BT A
ML EAME S ARFT RSP FERARZ R DWERS R 2 A

B E1I8% » 73 F 5 5 g -

T3

_g44§%¢q,;Tbiwja%ﬁa; xR R EATE] 0 @

F)RERF h 3 41T W4 > A B RE D B R M A (Mesri et al. 1990 ;
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Schmertman 1991 ; /&g i¥ 1993) -
P 5B f‘%{l’?:‘ ILHY RS SR DR R H A 40
A4 20 @R A %k o F) P 3 & 3 4o (Mitchell and Solymar 1984 ; Joshi et al.

1995 ; Baxter and Mitchell 2004) -

Bl 2-21 AT AR 270 2 217 b TR 5 80 1 50 14 2 B HCHL
(Q)R7 8 7T #§ 2 75 3 (D)FC R (C)E* H Ak 2 7y 2 (d)im i -k 2 ) 3

(Baxter and Mitchell > 2004)
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FHERRFE R SIOURET AL D GEH R R
-2 g o ¥ 4245 Baxter and Mitchell(2004)87 3 T 4 #-fic € “EpF

AR AT TS AR EEFTR ) REF AT E R B TS

F
fet.

HERFPT ARG H2 NG HEFORT wp AT FRES

a2 °
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FZIR PFLEEXRR

AETT AR A D2 B 25 3R TR B B R
(Suspension P-S Logging) » #5344 & T Ka%® 2 k@ fin > # i %
NG R &1 RN SIS LR b I SVSLE | SEORAPPEy 2 Sl ¢
PR G RPRE TR RIS AR N SRR E R L R

Zok k2P e R G B 230 A RIRIRFITIAE R K R

311 BEHRREAE

Py 2 3t B R ks BN RN P-SA BBk s
21980 2P g p A OYO 2@ 9974 o HA B A 5 = B
AulE()FF RRE LB IFRIE QI Bk - B % B3 A
2 E RS Q) (4B 3-1 - B 3-2 Bl 3-3 977w )0 &Ik BHp

Je T L
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3.1.1.1 # ¢ (Suspension P-S Logging Probe)

RE- P-SL 2Rk IR E A8 8 Rk gk g s X
A Forle - iG> BV JI* Ly A FE RN ERP
AfeSHhER > @2 FRIFR Tj‘««%}%ﬁ_o

R FA- e AL FCCR 34 977) R 50 BF &
e K T IrE 2 DRENABRREE - BV ERLERFZIENR R
®oopARAEF L 28Hz MET L 570Q 0 45 F #+E 5 200Hz 7
5kHz(-3dB) » 2 = < 4 2 /& 54mm > & B % gt B S L B ;
3000mm - £ & 5 9.2kg(OYQ:21994) e/ 2 X A BRFIE]l 2% » ¥
PR R Pt fr S L enig JERRR X LAERR b5t Xk B g B0 ook
R RAPE o F]Pt Wi AR PR ER Sk o

BREY BiEFAIN AL o 4oR 3-5 977 0 T e RITE ) #
TR E 2 Fhp it pptgY &2 - B4 L (pressure wave) i
FURSE A AR ML (P o S)vcstk Dl FI R A o F 0t F AL B L
- BREFCTIE B IER . ATV R AER SRS R
(pressure wave) » £ %38 X L BRI EL o RPpiAskiE E 2t LT ALY

BReTA A ePE S 4 4 500~5000Hz 2. fF o
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Vertical -geophone unit

Horizontal geophone unit

SK/////
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A

////7/,/

—
v

B 3-4 % & B(Geophone)- & Bl(Ogura > 1983)

Structure of the source and
Description of the Generated Wave

Source body movement
produces an S-wave

=

Structure of the source

Distortion of the source body
wall produces a P-wave

Components of
the generated wave

Bl 3-5 2R IZT & Bl(Ogura > 1988)
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3.1.1.2 ##|% B % % (Suspension PS Log 170)
AR LT 2 e ERIERE 2 OYO 2 @ f@ig e Suspension PS

Log 170 » # 3 & 44 47 (OYO » 1994) :

\“"1“-7

Lo b~ 84> 2 ¢ F 2R CRT » 516 » Fligs
F 3R o PR 4 [ 2~200usec » ¥ 4 H R h8 pr R
Aopt b B PR F TV RAFBHEP RIS Ko

2. BfciiE S ¥ K SHz~20kHz » ¥ fie & # Jp 385k i 3 A o

3.0 BRI G S 2R p R RN T
TRIMPE R AR gk A 4 h L o

4. G H ARFaRet TORAEF R bt B 5T 9 0o

5. XpqEp sl Ev Rl P AT R gm0 LG
i S

6. BRIAFTHFT FEETFEEF Z AR RRT > Ik

TR GG A 3.5-inch gy F 2 i{ p 827 T "ot 447

AR 2R GE F AREROEEEER S 350m 0 Bt

P HFFELE20m PRk jrE s 80kg o HAREI 4o
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3.12 @#Eypit & &

1245 Nigbor and Imai(1994)e%= 3 &1 > M f& 8% L3¢ P-S & £ i)
SEOTIEY AMRIVE G R LG R AARTZER L S A
Bitz Ak R A RELHTE o BGEREEALER
(Tube Wave):il# X Rk sd chE p| » F R * X2 g > Plg kA2 B
Byl o AT 2 RS E R B E R B 2 B TR R
B2 EE LS L3 E RVO R (W Tomm) 0 # & b it 2 RS i
o d b o] 3-6 7 o B eh AR s X P-S it BB 4 7 3 gt
wﬂﬂ%%ﬁ%%%*?%?u%é’u$$ﬁ$%%1ﬁ®%?o
g3t g b TR E T 20m 2% 0 s R T 50m AR
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7-Conductor cable

Cable Head

Head Reducer

SN

Winch

Upper Geophone

Lower Geophone

Filter Tube

0227

Source

HH " B

Source Driver

o, HH

Weight

T

Overall Length ~ 25 ft

N
\\\\\\\\\\\\%

B 3-7 & Z£-3% P-S APl & B(Nigbor and Imai > 1994)
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3.1.3 3
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b E - BRIREFDFZ ALK
A BT o @
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2. 170 Al 3885 » BAHES B R
PR ) 0 & - By 12 bit 1024 BBfRiedr o 2 BAEE R Y - B
LR RV Re s TR CRT # % frd M+ F 70 )
Ko it- Wil FREFES E3SEGRT > PRERE
STV Rt B BCRE S T P T B gmentd Bk
Bty

TG 2 S %
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32 EPRHE 2
3.2.1 M kK i
AT UEREFF E RS DD F R 2Rk 2T
Db R TR 2B FHEE D B BRI AR B A T H & 300m 2
Pk RRREHRIFR I RET IR W TRNE
ZUES U N SRR RN A 1 AR R
L3F 5285 FE PSS FER SR TRBEERER &
oyl KiEd T hos kb ke s igge b p Rk
Boh FH o e LT S S Hat e
1. Bprdskz 4 g Td o vy @ mes
o oBL P SITTER NPT Ryp 2 2 - g o
2. #REEg I HREFCERE% Lz BT B3 £ Gs o
s PSR KA dpat B 2 ol -
3. FaiTEMEpR LR 2 2R ARSI &
BHP EFE > B - S PR AR A ) A R
4, s I TERALE %-7}4#&% T R TR
EKEHaIoR S=100% > £ 5 35B-1)RKiEF 4430 Fb > 3t pt
2 A FEE T

GsV

e, =—— 1 ]
o = Ws (3-1)
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PR I REFBRE > RRRRER BN AERR I
BORTRAFE o« FHRESEE 4ok 32,1 2 > kP iz g
EEA > £ R A 4T ok o Bk 2 2 5% 4 p8 ASTM D2435-90 .4
2 ARV E £ v (LoadinereasedRatio » ff - LIR) & 1 7 5 #&c
S ES R Bo s R UE S B2kglomPe B R4 B £ T 16kg/om’ 15 o
EFFRRE AR T B PEL I RTE S BR BB T A7 Edf o
3.2.3 ¥ Tk 2L RERR

PLIR 2 R P AR RIFER ok K AT § TR R ERD
R¥gAL I HMGEA > B2 KK B N T
3231 HEHEKRE
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B Ur £ EE200 0 A P £ 07 N AR A W S S

EIOVIZ FEFHFRBLGeRETRIFEM S > ¥ Bifx -

PREBLTDFE -7 AL EPFROTHERZ A+ AT

200~3002> % 2 o B EH F 2 3 R E 5500~800 2 Tijpa[‘%]’éi
R RZ AT R RS AT LB LFRLF

INREHF RS 2R w2 jr £ 7 (Loadeell) 2 plic:t £

Bl LA s p THEBLAVIEWARS ip 88> 2 7 iRz 7 LA FEH
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10 cm 100 cm

» \ Q’]
=i A T | |
1 |
natA
| VAN — | =<4%B

K 2 5 5 51 55

6cm 60 cm

W3-8 R ki
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3.24 ¥ 4 =t 5 (Bender Element Test)
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Prve st Pl AR TERRT A AE S 20 10V 2 R RE T
P4kt 1~10kHz 2 & 32385k o AT TR Y KB S R
REABRI AR IEFEH T FEEZTA AR ER AT RBE
B NGIER= ~ 3 17 7 DT 4 A A 2 R%2 283 2 (3 A

76mm > £ /£ 38mm) 0 i K- R AL A W3-125 50 T

P RRAR S ERA LA R R AT

Function Generator

/Tup Cap

——Bender Element
{Source)

— soil Specimen

4’1\'{\* = =~ Bender Element
o (Receiver)
—
7 >\ Ped estal

Wave Signal System

B 3-12 F 4~ F 285 % %7 3B

32.4.1 BT 1M ZE & 5 (Piezoelectric Ceramics)
AET TR Y ZRT IR & PP £ R PIEZO SYSTEM = @ »
A5 5 T219-H4CL-303X 22 T220-A4-303Y > & < = | 14.5x12x1mm >

it TR A 10V ¢ 4ol 3-13 5 o WIEE ST 4 R A g r 3R
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N

Filter Stone
Bender Element
(Source)

(@) FEH R (=)

Bender Element
(Recerver)

Filter Stone

N
]

NN

DS
SN
NN

%

Bl 3-14 T4 3L~ i o 7 L BI(HH#F > 2003)

(b L 4 3k = % (3fesh)
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3.2.4.2 S#cA 4 E(Function Generator)
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Hz~15MHz ; #ij 1 2 3% 15 = Bl B 0 0iE % 2 2 & fgcfoly D o @
Lo AFERRY I ZAEMN R 500 0 ARG
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3.2.4.3 MELFEE L S
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1 T rgpe &M ELAIEF 2 1 %fu@?l & (F R Y - A sl E R 2
terminal board)# T &4 &R AT 4 A A 2 TRKA; 0 TP A
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31 ALt %

At A | @ @ £ (ms)
Ta 0.493
R R Tb 0.520
Tc 0.533
Tcc 0.524
e @ 2
Tg 0.530
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o Ao i

Bl 3-17 = 5 Pl BEARRE - B [B)

3.3.1 iHaE R RIZ
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Suspension 170 V4,26
1D_NO, 120
HOLE NO, 0
DEPTH 104,0 [m]
DATE 090591 02:49:44 AM
H-SAMPLE RATE: 50 [aSEC]
V-SAMPLE RATE: 5 [aSEC]
PULSE WIDTH 0.8 [mSEC]
DELAY TIME 2 [mSEC]

H1 ZH1 Vi H2 J/HZ2 Va2
GAIN (X100 X100 X500 X 50 X 650 X 1K
LCF [Hz] 100 5 100 100 5 100
HCF [H=z] 1K 1K 20K 1K 1K 20K
STACK 2 2 2 2 2 2
TRACE SI1ZE : 1
H-TIME SCALE: 2.50 [mSEC/LINE]
V-TIME SCALE: 0.25 [mSEC/LINE]
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He Vi B35 m/s
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W 4-120 i SN 5 T 4 i 2 ot ER 0 023 5

TR TR o 2R@m 233 /] &% 4 % Hardin and Richard(1963)1 57 7% 2_
AT EGHEFRRELFR ML L2 T 0 RR SR

T4 g g F BB S 025 2 & 1t (R 55(2:20)) o ERIRE Bk
BRIBE T4 gl g R FURZ M GAPE RIT 0% (22002 B
o MARE RABRTHEET AL PG e RE SRR R

% o

Fo4-1 BORRAR RS @) &} <FR- T

Depth (m)| Vs (m/s) | Vp:(m/s) {“Poisson’s Ratio (v) | o, (kN/m?)
57.50 | 450.24 | 1625:66 0.457 510.11
72.00 | 457.11 | 1529.08 0.451 611.72
89.00 | 415.63 | 1558.54 0.459 730.85
125.50 | 441.88 | 1776.03 0.466 986.63
138.50 | 417.65 | 1634.84 0.465 1077.73
149.50 | 398.04 | 1664.94 0.469 1154.81
156.00 | 423.56 | 1630.01 0.463 1200.36
176.50 | 544.55 | 1682.36 0.439 1344.02
200.00 | 506.18 | 1768.88 0.455 1508.69
214.00 | 522.96 | 1815.23 0.455 1606.80
230.00 | 508.16 | 1780.88 0.455 1718.92
237.00 | 583.47 | 1967.75 0.450 1767.97
243.50 | 604.56 | 1948.44 0.446 1813.52
255.00 | 581.97 | 1989.92 0.453 1894.11
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2040 S ETIERL AP PR S R GE 1 EHE T AR kT e BRI R L

344 47 Grain Size Anailysis fe =~ #*T&  Atterberg's Limit
sk E w#
i® R 2 gL RHUR | R | TEAGK ,
) T, ) Water Specific e e
Depth Classif- Fine Liquid Plastic Plastic . Ry S
Gravel Sand Contentw Gravity
(m) ication Content Limit Limit Index
% % (%) Gs
% LL% PL% PI%
214.50-214.70 SM 0 80.6 194 17:9 -- -- NP 267 |#EFR
217.40-217.60 SM 0 87.0 13.0 16.3 -- -- NP 267 |#EFR
220.90-221.10 | SP-SM 0 89.4 10.6 21.2 -- -- NP 268 |FH22LBp7 AE
224.20-224.40 ML 0 09 99.1° 37.5 33.0 23.8 9.2 273  |#2
229.30-229.50 SM 0 79.5 20.5 181 - -- NP 269 |#2EE
234.50-234.70 ML 0 454 54.6 20.1 - -- NP 270 (B2
238.20-238.40 | SP-SM 0 92.2 7.8 85.0 - -- NP 2,68 |72 2R E)
241.80-242.00 SM 0 86.2 13.8 26.6 -- -- NP 267 |B2EER
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%7 0.60~0.62 ¥ » 27 1§ s ig sk 2|42 e JF R 2 I B (9 0.60~0.70)
AR e Bt d A BRI B R AT T LR o AL iR
EeR B K A REE o B HERE B % kg (B 4-20) 0 (1)BE 2R 3R AY
- Bt R B RAGKRET g Flip ) RS F RITY 24
R T wIREZ PR AR AL E R e R R AR
Bt wSEI G 5 (2)F R E % LW IFZ X AR 0 RIS E R
FARGR G > LRPHE AR ABF > TBFHT T TR
B PR BT DIRR R G 0 B BT 0 0 R K g T

BRgprda LB © LR Riddup ey g1 o

% 4-4 F B DR A 0E 2R

R 1-1 1-2 1-3 1-4
B4 ki (kg/ecm2) 20 ~21
Lo 0.611 | 0.615 | 0.629 | 0.601

o im i@ (m/s) 513.89 | 507.63 | 485.73 | 529.54

WH 4 (kg/em2) 22 ~24

Wy B plAiE (m/s) 500 ~ 530
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