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Rotional Displacement Measurement in

Hollow Cylinder Simple Shear Tests

Student: Jun-Min Chang Advisor: Dr. An-Bin Huang

Department of Civil Engineering

National Chiao Tung University

Abstract

The concept of using local displacement measurement for soil
element testing has been welliaceepted by the-international geotechnical
engineering community. The available-techniques however, are mostly
developed for monitoring linear displacement such as the axial
deformation in a triaxial test. Methods to provide local rotational
displacement measurement in a hollow cylinder torsional simple shear
test are rare. 'The main objective of this research is to develop a
practical method to monitor the specimen rotational displacement locally,
in a hollow cylinder torsional simple shear test. Coupled with beneder
elelment, the new technique was used in a series of cyclic tests on a silty
sand with various fines contents. The effects of fines contents on the
correlations among shear modulus, damping ratio, pore pressure

development and shear strain were then studied based on these tests.

Keywords: local strain, hollow cylinder Torsional torsional simple

shear test, bender element, fines content, shear modulus, damping ratio.
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FHEATRLAL 0 2 F SRR e
2211 %4 gAidps3m

Dyvik and Madshus (1985) 45 919" 4 L~ & 5 S48 2 FfTeg T (7 2
FHEZ] oo = g o L AR R o R i LR S o
2212 FE w2 EH

BT E AR LB R (poling) 3 B> &1t TR X | 2
o A TR T M2 g Bl Viggiani and Atkinson (1995) 45 1 4 B
AR AR RHRTEY R RE - R FARERT MR TR

FRIG EATIE R T A e R A o - A S 2T 4 R



#FZRTAOF AR RE 0 REFL o ARHRET L FF TR 10K
FFoe
2213 FF N2 EEH 2 A BT 2 MY

FREFT A A AR R - IR - R AN
FAN - B AEER - SR Vo FomaEpl o R BREE L e
ﬁ]#gpﬁ o

dOSREERER AT Tt g g AT 2w X FEF
R R R G2 3 AR

ho@ 237 > B0 1 Bl BAadeinit € 7 AL g (2 2RSS
PEriE A ) A AL PR A A A D[RR Fet F V3 AT
E R ez ]

AL S LB L K A T B 2 s

LA he BE 2 P O i TR TS F W EE2 PEF L > Abbiss (1981) 35 3 4

I
\“\J
S
1%

AT E PR > R L 5 - F TR AW S LG
B RS 2 s o § R BT F B PR OR B T i

BRI  BEOCRT G- B b

FOOL ARG G w0 B B PE R e S o 7l B

2 s T RO R 2 PR L 0 R R B R T
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Sl 5B o

Kawaguchi etal. (2001) ™ % F:E4E & (0.65cm %2 2.76cm) iE {738
% 0 k5o B 2-4(a) 7 c Bl A~B~C %2 DELL 7 o 2| 8P 5 iE
o d B 2-4(b)7 7 fEE L C BE) TS PE T B RIS jLiE gk

SRR = SRS IR

YR englp o Bl A RS U - 3R L Rl 1T G e A 0 T
Bl 2-4(a)? C B85 54 AP EmpFmE-
2214 g M K254
Dyvik and Madshus ( 1985 ) d0F 4 L jogf 4 5 cree B € B2 504 Tk
SV L NI U & RS 5 o R LARPE o RITAA € A
4B ARt PO E I I FARE B RS 0 R TR B%R S R B
DIEERIRTA o FGERPE L R ST FERCE R S > iR 2 2

B i e 5 o

#345 Mancuso and Vinale (1988) 2. :}F, AUSE N f N AR @
oo g A BPER R T AL Y 1A~ LR (L) PF > BRI TR K- B
TAAAIE PEEFER O FIVEFAERFLETLZREN o d
AT R RENE R R RS TS SR

4 & o
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Dyvik 2 Madshus (1985) #23% % + g~ 2z F e 7 # * 5~100Hz
2.3 b > @ Viggiani ¥7 Atkinson (1995) 23R E & * I 3% AP > XA
% 1kHz~10kHz 2_ ¥ » 357 #FF sl -
222 FV 4 R 2 FA

H2FFIEAI AR RERRAFLIHET S ARE LTI > L
2.2.2.1 % %FR

Hardin and Richart (1963 ) ** & e BB F/RT > Mz EfRE# & 2 /%
Fic#) (dry Ottawa sand ) :B47 X R & 3%k 0 #% S 5 40B 2-5 0 %%

1
s
a
)n
A\
b
129
i
=%

VR AR = g AR HoAm 4P 4 HCHoT AR
5 R FRERAGK 2 B g RSO B 4§ ¢ 4 © Hardin and Richard
A A A o) 2 TR T - G FIRRAT 4 ARt B R

YT

F25384 > o,> 96kPa :

V, = (170 -78.2¢)5,* (2.2)
FlA%p 4 > o, <96kPa :

V, =(119-56.0e)o, 10 (2.3)
LN i3 A Sl

V, =(159-53.5e)o, /4 (2.4)
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He Vv, H 5 ftlsec’ o5 7 20s B Hixg psfo

d b0

g

5 TBFRRC €5 AR BE  LRFRE . § o0k

S S

“\1-%

FHOL o EFF TR A 0 BB PEL He o
2.2.2.2 3 .

Hardin and Richart ( 1963 ) %% I8 4 3 3k ¢ 71 2 ?f‘ RARR R EBPET 4
Az BIE > T4 L €TV B e L T PR A T 4
G,, ° Barros (1994) %12 60~80 & X » B3 ) 3 22 3L 1 4= 4o d 4 Hdchg
Bt it 2 ARy o d B TR 2 EP T RIR TS > TET
Barros ¥4k A M A7 7 AT IRZ B % 4B 2-6 FToT o
2223 % ¥ I=ty

TREFEFOPLEEFAFRZAC] A F 93 F o AEERPE > 3
o R 6 TS % B FIRPEF O B E#RF ~ o Iwasaki and
Tatsuoka (1977) 43 =47 k&% (10%%t0 10°%) *1#2 G, > %
HR% 5 10"%pF G #$ > Kokusho (1980) M ¥ % 5 107%:& (7 5% 7~
A0 % chiiTIwasakic g% % % 0 @ Hardingk * i+ (% (5x10° 304) it 7
25 > Fp Hardin® 2 G, &
2.2.2.4 3gF- %

EHEE 2R 2 G, FFIFEF~ > 2 ¥ H £ 87 < (Hardin and Richart,

1963) B ARIEA )4 450G, BBF < > LH BB TR Be @ o

13



MURAZ S AR b R T B AR R AR o PR R e AR
FLEI A delay PRRF AR FHECD 0 T4 G AaEA N B PR R F]
- R R AR L D B ol 8 0 Ediland Luh (1978) 45
IR G R A G EIE R G, BB L R RE #3)

3+ 200 L6 (0.074mm) sh3gd > 2 G, P E8d 195 G#kE kol 5§07

B
223% 4 R ERFMNE R

Kuwano and Jardine (2002)#-32 48 A= = & (Syn, Sp, and Syy) 3 # A i#
BRD Ao B] 2-7 47om o Bl 2-8 AR ARE G v AR R RIRT 2T 4 i %o

r+Ham River®) 7 #4 » tdap B4 T0 B & = o (Vi and V) &3% € 49 02 0

bl ddf T > LR ERETASERR T A 2 e kRt HE

A JE o

2.3 % 4 HlcrE Lt BT R 2 B 1R

Ak

I BEMF AR I E2Z T ARG EEAY () ET R
TR LB

Woods (1977) * Richart (1977) 45 1% 4 fclic i "R FR T~ /) @ 1L
%12 # Luna and Jadi,(2000)F 3 ¢ ¥ % AP RS T (9 10°%)

R E SR SRR Tei ot LB NE: SAR - 5 L



I e L S LE R I §W L

TR 2 F R
B2 B HET A FRRLRIIRAERNE TN E AR BRFER 107 %

it

IR AR RN S 2L

3 5%pFE 12 BT 4 7 A

SRR TEN-T T

ES
=L

d3gigd FORLTETRRII M i

BER o AcR 2-14 977 o d RBY et gz TR BT REM 2 L IRF

%] (hysteresis Loop)z_ 2| ;% » @ 2 3 2 % 4 {ir#ic (shear modulus, G) % e R

t* (damping ratio, h) =+ o L RE 2 ¢ F8 > H P 13f2 §4 k7 L L1
T4 WH(Gran) 2 &+ 33 4 58 Gaeg) fao L7 T4 ETIEFEER
» 195 Toki et al.

T4 O S PR B A s Bk B MAL

2 MAELE A YT

(1995) 4p &1 B 30 2 3 F 4 Polgc 5 2 0 I HCHe > Ao ] 2-14 97 F

(2.5)

SA 3‘% ef_H v 3= 1y (single amplitude ) > » ﬁ&{ﬁ_@‘a B%E - BRER

v

.

(B VR 4 IRk 4 ) 2 - L o L1t (dampingratio > h) 2.3+ ¥

1 AW
27 W, +W, (2.6

}i\ v AW > W1 N ‘—;’E’WQ—L i%z%zr'l_%] 2-14 "’LI‘T‘I' °

J I R EAEEMTL > TR E BT RS IR I F B R

Mo fk2 5 ¥ iz v A (backbone curve ) > 4] 2-15 #7513 H P i 5 R BR(F
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BT RLIREE 0)2 25 4 5k TiAe® 4 il (G,) X T4
¥ (G, ) Wik F BT BR¥EGF > 4 {8 (modulus ratio,
GG, ) # It Lo 2 ¥4 e ¥R R2Z Mt 77 b 2P
R MR Ao 2 5T 4 ik B4 S (modulus degradation curve ) 0 4
Bl 2-16 %751 5 st 22 d 3 R E% P K7 Ad Fizd e el i
By > B¢ P4 0L R 1 Y T R B e a

S

JoETd PRRLFERY REEEREL TS Wl ] o LT

=2

Cif

N

A EE RO LAY RS EATRE Rt S

0302 g 4 e g G BB ESV R Ap T B Ft Seed and
Idriss (1970) w iF A {7icE B SA8 T R T8 > 40— T 4 il § 7%

Rl AR B = 58

G =1000K,(c",, )’ (2.7)

B o on 5B H 5 psfo

TR r=10"%% k2 K, B4 5 (K,),. 5% > Seed and Idriss *
EEMEHBAE (Dr =30%~ Dr =90%) %1 > & (K,),.. # .5 30~70 -
F15 N300 ¢ avk e BRSPS T T d K, S8 fRIVH0 R
B H{WEER S F 0 BARR DIV YT o SEF G ORBIR G 0 K, 1T

- F g - AR B A 190 o R H LRI B T T

TR M T gI o RE T 4 i g s FRT - ¥ HeiE o
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231 % 4 HEEREZ 2R

TASET R ET S ERCER R R PTE

1. ¢ 2k
2. FHo

2311 % »%/k 4

Barros (1994) 45 41 & 1970 & i »  # R *<FRH* G2 G, T
fr 2- %8 (Silver and Seed, 1971 ; Hardin and Drnevich, 1972a) > % 7 »< /&R

Fol o R RY R € = hH 0 Ao HERE Rp o

Shibata and Soelarno (1975) € (@ fF h 1 T 4 Wl 2T % % 5

SR 2B 1

05
O,

e el ) =

1+ 1000(

#¥ o, H i 4kglem®o

y P HEIER

Sherif and Ishibashi (1976) 1 w f#) & (742 T 3% > 14 % = B cycle F 3
P R R T RRE RS OCRRM G

E 7 >0.03%p

%max =0.0257 (o, )" (2.9)

¥ 5 <0.03%pF
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% )77 (0.205 ) (2.10)

HY Gro, HiZpsivyHEimZpAe
5

Iwasaki (1978) MIgEF)E 7 £ IRt d% > #-% 10 B cycle 718 § 4

Btk 214 R FUR 2 e

G/ K@) _aorn (2.11)
/Gmax KO 0

T k%mz LK) % n(y) 5 T % S8 > Khouri (1984)

% = 0.5{1 + tanh{ln(O'OO}(/)]OZ]Q492 }} (2.12)
A
n(y)=n, = 0.272{1 - tanh{ln(o'ooﬁssﬂm } (2.13)

He ot HELK

Barros (1994 ) &4t F S8 7 Sk ;3 BT %2 3 s FR MV EKE
o o IR 2-17 IR T 2P AT

Ediland Luh (1978) » 2% % i * » %)% H ﬁ*émax J IR A F o
Seed and Idriss (1970) 2 (58 = ;% g * *t #4075 >R o Sherif and
Ishibashi (1976) #7§F 4 21 sk 2 5 97 @ 1 4 e i b 22k g i 4
% oKhouri (1984 )~Iwasakietal. (1978) % Shibata and Soeloarno (1975)
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P4 L BhX 56, 20%hN - BRBIIELT

2.3.1.2 3¢ 4 vt

2

Iwasaki & 4 #1978 & 11 % e 34 4 vt 2 Toyoura sand 5 »x [l /&
100kPa T (7R PRt % 3= T 35k 0 H B % 4B 2-18 #151 » ¥ B IR

1a e BERRE T §BET R L -

IR AMERL T AR 2B b F R ERRT o
FadRign it HPE A F AP ET R 2 A AR %
B -RFdY RIT 2rE - ch BBV BT D fe 3o p B e B (hysteretic
loop )’ 4c @] 2-14 #777 - B i ¥ A X T F FR{ LR BiFEY D RE
0 b BT o SRS T T T R AT M R e
P F AN LR KA T o ipd L3 - AN B AT B g AT R

Froo- e UEY - B FOEE S A RAT 0 e RES LT o

—RF R RIRREERE F REHR (T CH T2 Zgh) TR R o
FEIAELNT I BRBEERET 2B 2T CEZpd BT T 0
FoR o~ F Y &% & (width of response curve ) ~ 48 TR L AR # 2 2
(steady-state method) % o F]i m @ f& > ;2 P wo g™ @ % > AFEBKEHR* {2

B2 HE 2V hwm e P e k2 > A2 F Rkt
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BRI ] 2 FF

1. T %iktg
2. 5 xR
3. Firdpik
4. 3L 4t

5. F) 2 3Ede

23.2.1 % & %R 17

A BRI ELEFEETE Té,‘ Hall and Richart (1963 )% Hardin

(1965) 4 f7e 1 652 50 A G 34 -

Seed and Idriss ( 1970%) AR A 2 1’» VR RR R R B 4@ 2-21
Srom oo gt b 4235 Seed et al. (T986) T F cafe L v B2 35t By efE Rovb 2L
K> PPk E 221 kil o AT DB AL AFE L ETRY
H4e 3 PR % (threshold strain) .4 0.001%78 FE A vb I S8 F T %34 40

Mo e o FIEA OV AR EZ TR Y Bk - B0,

2.32.2 7 < FR
1960 & 42 5 % - i * RIRPEAT T A D R L m?-‘ﬁ Hall and
Richart (1963 ) % Hardin (1965)> i 7 fEIE R —JE %4 R E E 7 2 FIR

Ao o BALAASR R S Aof] 2-22 41 o BV ACREF G oo BIURK S e
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AN g K_{f_y»

0] o
Hardin 5 A3 B30 0R IR A v "g 5 2R 2 T RE R b o
ANy T o
h=4.5}/°'20'0_ °

H ¢

7

TH NG E

-t

(2.14)
Bimipsfipo st N2k 2 107%8 2.0 /] dhi %
Sherifetal. (1977 ) 1% % &gz )i 7 F B TR > SRR W7 1Y
h=(50-0.60,)r
H ¥

» h 2 ;/Ef"'

F]A\LL 2 O-oﬁf‘:'é pSl
Edil and Luh (1978) M

(2.15)
WErsr LENEEEREES P T
THE GORFRSICHE T RELEE BRI GE R
1 o }
h=(1.131 045310gN){0.88+65927€A 028/[9837J 735570, } (2.16)
ﬂ‘:"hﬁff*‘“pln\k“’N ngi\:af:'tﬁi:’aoﬁl = kPa> y Hix
LY
Saxena and Reddy (1989 ) 12 Monterey No. 0 7) it {7 & Je {185 » #-3F
BEREE DT R L e T
-0.38
O
h=9.22—*% 033
%)
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B P i A fREE &G scg4 4 > hE y U F A
Tasuoka et al.( 1978 ) 12 Toyoura sand i& {733 Z 40 % 0 T s [fL R b 250
h=K(y)o,"" (2.18)
Ben(y ) A EF T REH R0 2R 4o B 2-24 4757 0 d B
i G R P 107 B B e > AT R ] 107
P b 3 Bic g ABIT Y 00 2% % ¥ Hardin and Drnevich (1972b) 2 Yamashita
etal. (1984) 4p i » B G »cFRE T henB B 2 < > 4 & £d T %

R

2323 ¥ Edp¥k

FoooARA Y pkdg WA (D Ag MRS R v 00 00 ) e Erguvanli
(1977) F R#e 2 i Bl 8o iy 1 g 3 s R P dp i > PR fE R
Vi 3 4o o [B] 2-25 0 Kokushoetal. (1982) # 5 17 Tirdpdk * 1
FEERRGHILL PR o d JLRRFIT g NEF RS T AR

TV S SO ER R 2L LU SR L

BARR BT G AP R PR R L o R T 1Y

‘m\\
S
joas)
=i
*
A
_.m w

4
W

ud

PR gy B A

iT % » Vucetic and Dobry (1991 ) #3285 B30 4E 2 JER WL a2 }]§J< » i
B 4ol 2-26 91 FL A RET R A LA B ) o T R

Bk rm LR SR gy ol 4o @ R0 o L 87 Kokusho rigd sk 5 % vt
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B F TR S 107%RF 0 gy B Rt B R AR

Flptd FiES =8 —‘F'T (Kokusho et al., 1982 ; Vucetic and Dobry, 1991 )
R VHER ARy P ORRET o PiHApdE R Ol X7 PR

A BT AT f PIEAR A h §AR]

2.3.2.4 34 f v
Hardin and Drnevich (1972) 45 :13“ vt 3 B2 LWL £ & 0 %] % 2
— Kﬁ;%}";bfﬁ‘\phé—,’qigf—ét » FER bL g—rug y %{ﬁ:it@ﬁ_;bﬁ&imﬂ%/g-f , ﬁ

]I_E"fu L g Ll“ﬁ;‘g/l‘ ’ F_?\E]'Jﬁ&—’t o

L 0 Tt R P ¢ Edd andbube (1978) #FIE dy s 0 #E)
9% FOE AR chlg % S GU R peERR U L rak &5 Kokusho R 4p
FACH A Ao PR L TR g M e 4o o

2 H g3 o 4o Silver and Seed (1971) > Sherif and Ishibashi

(1976) » Tatsuokaetal. (1978) % Saxena and Reddy (1989) # % @ 454

Ryt e kot 2R R g2 B el hawg £ X FlIV O B .

3R g Ak s

‘3“-

% % % - 3 » Kim and Novak (1981) 1«

:T;\‘

Canadian Ak 3 3817 £ JR{rifBe » FIRFER v g FIL L cndif 4o B0
Rmoo— eIV A2:iR 0.60 8 JPFﬁLL*gﬁi’fJ AL 20 H 4o @ 4o o Vucetic

and Dobry (1991) &7 S 4% 4 M3 2 L L0 @ BEF U 0 2 3 4o @



> 5 4rf Hardina and Drnevich 2_ #7324 » iz Vucetic and Dobry #t}* 3 %

R AR S e 4

2325 %) 4 MR
FANA 2 AT 2 AT L R 0 3 © Sherifetal. (1977)
AR R AR RETS > AN 3200 FALL 2 A G A IR

FEFS 5 B A AT A

1
= 2.19
YiC, ( )

He
U A TES SUS

(D%)
(DIO XDGO)

[e]

gh‘i

Cg: ; /,/?ﬁi’ %&

S’ APk 2 HERAR F AR L G o
S:3ETFELe o

FURP IR R CREF IR 2 A (B b A 4 o

¥ — 2 6 Tatsuokaetal. (1978) BLZ RS S % F RITER NIL LW £
Ry Bl 3 3§ o Aofs Ediland Luh » ¥ 450 > SRt b
TR SR R
2.3.3 ¢ 5% (staged test)

PR idse 40 5 EET 4 ik [ER VR IRIEE GRS
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Bk FADHTER T 2 o FS& T FAcT L FMy - BT IF R E G &
<3

3
Dl

=
A

o K AL kAR 0 2. he B 2 i HE D A S B

A

Bk 18 L EF R R L ACARIE T R R o 3. RAR KT HMBPERM > R
ML LR BEFEPE o4 BB BRI T BT L4 5~6

Hoo RSN 0 LA A R FIREE T 4 CEE R o

AT RN SRR A BREE ER TR

ER
2.3.3.1 -k k5%

EELF I F AN G REF o P TS ol AT

-—x\

% F % A - ik EM R e F R
Caneles (1980) 14 Monterey No.0 #)i& 7 x k1% » 5 - R FME A

B G ORBRT £ R EHT - R CRRT S HCREE e g

B4 R PR B RIRIG P E 0 $0T - fE e ]

13
frt
&
PA'S
Pisid
Iy
(u
v
i

= R R R RN B R E O
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U RARIG S o R R AR KR F AT R MRk
PlEEN v R B80S > AR S ARV HOR R > BRI ) o Rt
ﬂiﬁw@%%wﬁﬁﬁﬁéiﬁﬁﬁ%’ﬂ&?ugﬁ’gﬂ#u—@
B 7 OTFIREFTEK BT R § IV RF o A R % > Canales®

AT BT IXI07% 2 4 (- Btads 5 RUR iR R iem% )

tE R ITEET 1%B%P AT o

2332 7 $op ks
SHEDET PREREEHRET R ER DS % & #= Silver and Park
(1975) i i * AR 2dhidak A & 785% 0 U= fad e 7 3% A
WA IR ERRBER 2 A o 7 PR R 3L R o
7 HoRER e B AoR 2-19 487 7 A2 3 B 2 0.1%2 {8 0 R 43848 (virgin
specimen) fre i&{7 S PP AP LR FH  HR 5T HF2 7 F > 2R
?OF O IR Rde iR S P RGE R R T o AR R R L ik
Fikek o R AR AT KR GOE RS o @ B 2010 B R S E A kT
300cycle’ &% ¥ F M FI R 4oim W 2 5 5 PP AT RE 4RI

KR R FET SRR LR BTk o Riges BE K D
E o OFCRIRK R o A da e o ORI E SRR o oK Ak
- RS T O BHEIES Y R ARE -

Silver and Park (1975) % Canales (1980) ¥ dﬁ Ca S RS e a0 5 Y
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PR R i o Bk AT o

Silver and Park (1975) ‘&3z F)FEM R 402 PR RE IR W 35
2R FR ALt EREF RP L e e d RS HT A
MRk aiEddm S o JER VAR ?ﬁﬁ\? T e 1Y A S % iE - Silver and Park
R TR VRN S L M SRt L K e A A e 0B EELE

P2 fR RO o MRS el e 2 B ki B ) o

Canales (1980) & * £ Jr{1 BB ZFEM v - REF/RT £ IR~
TRBIRGE » E et DR TRBEHILR G R o [ 2-27 5
Monterey #) f-F »<[F/RR 45psi [F (LR L2 E g b 2B 0 AT s B
B AL G BB 7251452 21758 (73d% o FH 6 B - [FE G 7
IR S AL B E02%NT R nmsEl 4 7 - PR ORRY T REFT
4218 0.001% -

2343 KoK BREF AP /KR
BB Y Y IR GBI ot o A F o4 Ed
WA I R MR R E A 7 FL IV HORRZ ORI R S
TRAEBEPFTLRNES c FI TN EFT RS BELIM B
ARl RRA0%) T RRAEM T L 0 A F REH I 107~107%F
HELHN PSRBT FRSFIH AT PREL TR

HEPAPEKBRHRT T AFMERLE R E TR A2



MokBRAIF- 2T @ MRS AR TR 2R KBEFIKRE

BARMCA LE oA AN P ERRFE A2 7T ARSI BRI E

A

FidiEiTa o RE%R R T - 48 A P ERY 2w (volume
threshold strain ) % 1970 # i~ » Drenvich and Richart ( 1970 ); Yound ( 1972 )
and Pyke (1973) M §g#) & {7 A4k 3 = $hid B o 2 g %4 A PR %
% % 10°% » @ Pyke and Silver (1975) % Dobry and Ladd ( 1980) 12 & fc#)
P RFRRLARR T SRR G TR rnis € B e ppE
AZFEIC L RR > 3R sl 4 "8 14 o Dobry etal. (1982) 12 A4R 5% = $3k
% 1 Monterey No. 0 #) it (7 G ¥ ¥odld % LB B~ T 4 3G, % | B ¥
THS REET RS RGIRAREDF B FREPERYE LT
»2 BB 500-2000psfz B¥ Fr 5% 1.1x107%> @ § + $ficen® ) 77 B Ag 4R 3

KREE Jag - Rehlgk 0§ BRFFAAEFIERRY EL > Bg ER AR

FCRORR e PE o T4 g B4Rt o Dobryetal. (1982) 45 v (1%
fesized B > ]2 Dobryt — &4t H = (distinct element ) i& {7 #ic (& Hkt A 17 -
ﬁmﬂiiﬁﬁ@%@m%wﬁﬁ@éﬁﬁﬁ%mﬁﬁﬂﬁﬁﬁwﬁﬁﬁ

Pk EH AR R PR 107% o

Vucetic (1994) 4 & ERF RS FE- HRPHERR 9L L AMEP

WEREE T MFFPERRE - WAL FHEREE T I EIRELF L
MAZIE T T A A > PRSI FRI VR RIEFIHK
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2.4 ¥ &R

BADE R Z A OR TR - KA hE G R g 5l4e
ERER L OREL c ARFZABRF e 5 - BHREFHMDEE 4
FEASERE s RFEARFE AR g X TR T Rigt g -
Foo FERENSNE R RET I et h TR B
bedding error ,Thg FAoR - FaAFAE T S Fmif p iR E QLR
TeEX K UF TR 0 A % D B AL e FEend SUPR o FlptvE- EE D

FEE % o™ 2 LGRS A W iR ke 2 R > M AR 4= 2

FREA S o 2R FIREEHGEL A 0 ER AT
e SRR RN S SN T

BAVERBRG R A g S e d BRSNS R
iplphs R R RS Eo F LY RRlpen R RS
TR

1. Hall effect
2. Inclinometer Level Systems
3.Proximity Transducers

4. Local Deformation Transducer
ERBEEERFRE LRGN T A

l.Inclinometer Level Systems
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2.Triangular Pin-typed LDTs

2.4.1Hall effect

B B PR - B IR A

- \1.
.11% ,qﬁ
}E
S
as}
=i
¥
ROy
et
=
34
(=]
4

Fom P AR BRI Y o v H

BB RIPERGIAEHL R R T Rl BRE L %

B3R e E R A # % Hall effecte:d # % 3% Hall effect g & & 12 DC
FE XD Ak - RPN EFRA )2 DC ‘fﬂf"ﬁ%}“” P B F S
BFHEA &K * > Halleffect i * & Surrey ~ § 1 34 F#% 3 2 #74] Ko
B FHRETIE > R -
2.4.2Inclinometer Level:Systems(§ih+ )

#2% Cooke and Price (1974)#% dt ¥ X E -8 %7, chH v » B H
Imperial College %% B & * »* = $hF M IV F £ P > WX % ¢ Burland and
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BRID 2B A L2 =8 > K& 4oF 2-30 “17 o
2.4.4Local Deformation Transducer

Local deformation transducer (LDT)4% % % d Tatsuoka et al.
(1988,1990) - £ iTGoto et al.( 1991)% B 4% EH g Flihs BREE 10%%- 7
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2.4.5 Inclinometer Level Systems (4= #)
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BRI FHEY ¢XBWRRE D AL FL  FHIATER AT
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2.4.6Triangular Pin-typed LDTs

Nguyen et al. ** 2001 # % /& Triangular Pin-typed LDTs » * & & jp] ¥
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Bl 2-33 9073 >tk T w = & Bhept B A R4 8] 5 O(Ro,0,0), A(Ro, 8 0,0),
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0.0), B (RiFARA 0 ZptAZ) » £ 2 5 8257 ¥ TG = 2585 01
AR, =R,(0'A'/OA-1) (2-20)
AO =0, /2 —arcsine{[AB" —O'B" ]/[4R,* sin(d, /2)]} (2-21)
AZ =[0'B"” —2R,*(1-cosAD)]" - Z, (2-22)
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Quasi-isotropic conscolidation
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Very small strains Small strains
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B 29 1 #EmEiL R E T & (Atkinson and Sallfors, 1991 )
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Bl 2-10 * r1r;#% K # (Ishihara, 1996)
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TRIAXIAL TEST APPARATUS

Loading piston

Ball bearing
Air Bushing

Non-contacting
272 displacement

- transducer
Top cap
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column - = /
1 {
Load Specimen’s
cell cap
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E s /
= L R Rubber
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i + L
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//,
2
%W%/ )

Bl 2-11 4R ;%= #hiEs%k X % (Kokusho, 1982)
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CYCLIC LOAD TESTING OF SOILS

LVOTs to measure
‘/‘/7 verlical displacements

1 vertical
,_/ ] ] ]{u« cell
o | aeh]

roller I

Im:rifljs‘\1 ]

1—? .
horizontal LYOT to measure
foad cell 41— shear displacements

J

toller = o 10 burette

B 2-12 A4 %2 2 H 9 2%% # (Ishihara, 1996)

!
(=) Torque

Porous stone

///

S, /
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Pt

Piezometer

B 2-13 4= ¥ :#5% K # (Ishihara, 1996 )
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G Range of Geophysical Tests
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2000)
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FIG. 8-—Operating principle of inclinometer level (electrolevel) (after Jardine et al. 1984).

] 2-28 Inclinometer Level Systems -Electrolevel type(Jardine et al. 1984,
1985a, 1985b)
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FIG. 14—Arrangement of proximity transducers for deformation measurement (after Hird and Yung 1989).
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FIG. 12—Local deformation transducer (after Tatsuoka 1988).

] 2-31 Local Deformation Transducer( Tatsuoka, 1988)
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Specimen(PLDTs)( Nguyen et al., 2001)
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B 2-33 Triangular Pin-typed LDTs % =3+ & (Nalin et al., 2004)
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B E gL > AR AT LHIAREE s A - Bt £ d
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LEERAFPET  BRAILE ¥ L Kehe 2] LR B2 2

m‘&

A FreFL o R GRKEZ WREFRGROES > R Rk §

THEFB L P PRGFEDR L

L0 (1997) 8 844100 F 40779 (FC<5%) & (7 0 o B % R 35 -

H oo RREEY S4eB) 3-4 40m 0 oo R B AR BC 0.29 5 fAp e e R

T R E RN R hT

LR FERT R inE R Ao - A
BT AR AT B R R -
REFALZSCE SR B

L IRBR 1S 0 BIRRE VRGBT E A T 0 B el

7R AT 3% Fl T R OMBREL & LTS R L AR R

[
Ik
e

TP i e o

Epig (2002) M Rloppla @ R HEFE R AT e - R

iR B RIcB 35 B 3-6Z2 B 3-Tod BT F E RS

¥ (Fines content, FC) 2 FC<5%2 FC=15%FF > = #h/R D 1588 4~ 40 4P ¥ 5
(Initial relative density)Dro=30% ~ 50%%2 70%2 R &5d &3 P Aeni &
Ao gkl 2B 2 30%3 50%PF 0 A ho AR ¥ R R RN H R R A

Mg TR ARE A LN sk AT Y MFlushenrg B £ foarg

B AR MM R A& SR B 2 B F g e § 3
WA s o
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=2

it T RE 2 AR P R A RRRTETRR 0 Uk

MERERKE RRAM BRFRT LB E > BEER A 10°%

2 1%F 2 AT RERT 29 4 LA o SRR A F R 2 B4R

3-8 967 0 = phE Bl kAT R BHACE 39 ATF T R Y2
KH S R PR B TRk F R KRk

#:F'—B’\ ,\/La °

ERIK A E UL

331=$z%

F3-10 5 0 = b3 s g ian s 7 LW ¢ 3 ot 2 i

Z 100mm > p ® 5 3

B /T % 600mm - F & 155mm ; FMEEFE KA Bk

gt~ 34 L~ it (benderelement) % y4idix 2 fjc T 4 o BN H {84
R L I TS TR SR L TR T
3 %

AR i o P4 gk A AL Tkt LVDT S A B 4 AR D

SRR b kA RF BRI Z AN L R D R

E&»]:Z‘l] {f}‘;’ﬁp\)‘;}?’l— ’

.1

KEw BTk LVDT » 4] 3-18 #7% » P et B 2 £ R 2 d 1

B R BRFEMEF R E 24 o B A AR T2 4

Bl 3-19 #1517 » & /}J f 1) A#lfﬁ%é‘im@#&]l 4 hrig e '\Fﬁ‘;

Bk A EY HE/PIREE EREEF T TR

\H

bt

i

bl
{w

a1
Jreh
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ﬁﬁ%éi@uﬁﬁﬁﬁﬁgjﬁ%,g?

kT 2 ol T LA 2

Phids o
332k Th 2 prd] i

KT T ks

AR NP = dhiishARR A Y - ERE A Z B4 TEE B
B 5 i > g fLe /IR S i (Dynaserv DR 1100E60) > ] 3-11 % 5§ i&
gAT R Bl B2 Bxd 4 5 100N-m> B 247 R 5= i 614400 # -

FodoHEPEE R e R R RS ENFEHRA 2 e

o

Ly

#

sz B4l BEPR A e a BRI R L -
# (rps) T2 F1 5 SRS ALE TR R R L 0 - HE RBIRIEL Y

A %+ 0.0005%~1% » & #+ 47 5 5 0.005Hz~0.1Hz 2. & (Toki et al., 1995) > #1

P R R Rk AT

PR

FHREE vl Rd BErA 4 > BiEHE R LabView Azt i & E+
(NIPCI-7344) & :% #ici> 3 5.3 terminal board (NI UMI-7764) » £ #-31
BLBI B ESRE AR ST AL R 0 S ER RS L A PR
WA 3-12 477 0 Tl AN B EFA A e R R ETFREY
GBI ARHRPE I B EF AL E M2 E o d R BEN LT B
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+ o FEF ALV REAFATE S AL EAR- ST REREREAS S
A Z2 R TR es e AT A € PR
333 F BRE-kBREH LM%

2R LR ERRATERA 2 kR B4 U5 10kg/em® o ] LB
FRRRA SR F L FUR 0 R ORRINA T SRR R
FoRAT o U R R MR RGO EMPA I RS LV FREF

KRz AL A R 0.2kglem’ o ] 3-13 F BRI -

™R ﬁi&%""f’”'%\zé—‘% AT E P2 ghe T E s dhe B¥ ~ B
RREARFRICHOR R > TRt gh b RE P4~ T 4 2 (Bender
Element) > P e 8 P3R4 L@ o

TAR AR e R FE S L FPITE TG F LM
2T B s domag £ (1996) ~ ## HE (1996)~ £ 3k (1997)~ % %

# (1998)~x 2 7 (1999 )~ #F=5 "% (1999 )~ ¥81& 42, (2000 ) ~ FALrE (2001 )

—

N‘“ﬂ(

R R R SN IR 2

PA iR o BT AR VR

g

N

SRR R g S 2 R

2T 4 g (G,) k< T4k (G, ) A-FEAFER

= E

\\\Xr

Bt f A e L RSHP R A T 0 8 2T 4 e T 4

BAPRE o B3 AREH T I HY RIRARERIETG,, 0 L EKT R PR
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KA MRS AL RBEMAE 2 Lk Fla
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~FE
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P
g

"

RIFAR2 T 4 jsE (Shirley, 1978) 2RI T 4 Lid i1 2p)2 K
BRARE 20> A3 P adskg? > 2P T4 A i
fl* 4 4 7 (shearplate) & £ % 4 L~ ¢ (Bender Element) o % 4 j = i*
Hok oL T % 9 %R ) 3 107% ( Dyvik and Madshus, 1985 ) ]t 2%

B MR T VA 4T 4 WG,

AR TR Y WA B R T ki BRL B RET BRI
FHBRZ IS VHIHZ &I EFEKR VT RE - KRS F
2T R34 LT AR BR AL TRAR L AR M0 RE

4 o

RTMRZL &Y (Piezoelectric:Geramics)

PoRp =gz p 3 A BRER I HRPRBRIBILY AT
i L BRTMA S Y s GEONORA/S 2 7 » 315U A-118 0 =~ ],
% 14.5x12xImm> & 7 & 5 10V & = 4B 3-15 #7571 » 4 Bender Element

I ghE MY TR EY > T F Araldite TR ¥ A (AB ) H o=
Fhg P TIEEY HEREMAR NP REE RO 14 2R (]

31’1’11’11)’ m‘:a\"w\\zé‘%t\’ l?g'fif'm316

BT ME LT T A & 8 5(Series connected )¥7 ¥ 8 ( Parallel connected )

oy
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SEEES N AR N 6T 2 R ORT N P PSR
F oz X BPER

SR A

LIS o Lt S AU R
Biend o I RTMAL ST A ERT S R

g AR
BN s LR SN 3

( Function Generator ) 2% %% & 25 >
d AR AR BN T BTy DT R

F P BiE BB LIS o

b
L
d

S ¥k A 4 B (Function Generator)
ERE S TR Al | —iﬂﬂﬁ%’&&éiﬁﬁmi@%Jfﬁ4
EESEEREEL ST S

285 £ HP33120A » &#cd 4 B

il

E
It
J=4
ES
7:3.

~&lop 2 Random wave 0 F o

PG 4 FIAR B o7

#5500 ﬁ%]

s TP R B

\»—‘5;;(:4:5“‘]( %%’;U, "F’

POAFIEER AR AARICE T - BRI

bR B E (P A aErr R )
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% iF RS232 2¢ HPIB 4 & & 5ids 1% B - %700 > @ AL 2%
ﬂ%?%ﬁﬁﬂﬁﬁm*ﬁwwﬁﬁﬁ(ﬁﬁﬁwz—*ﬂ%iﬂi
terminal board ) T FER A AT 4 A~ EArEF 2 RRAA, > TP I gt
BT TimFy 050 0 RS B g S L 25kHz » Bt
F A4 3-17 77 o
335 A %EE P

FEHRAE TR EEF IV RE > A& A ook LVDT € )3
oA L LVDT 5 - & @ B sk 6 LVDT © 7R s 7838
LVDT } = & - i th4eid 3 08 5 Rl LVDT &304+ 2 58 > L& 4 404

iz 2o Ead Fe 285 B4 4 (fixing pin) #& » FH N 5 15mm

N2}
g
o

RARERACAFEM AR o PR AR AP TIEHY - R E
SEMAL 2 H 0 KK AR 3-18 #1F o B 2 LVDT &R B & W] 4 %k »0 2

BT ARG TEIRRAL N 15SmmZ =% > 5 & 5 APEE 125mm > ¥ o

BEERIECERI AL R EFHEY LAV R AL
iy
20(R.> —RY)
AR TR ) 3-1
73uw—W) G-
S, -S
9 — 1 2 3'2
- (3-2)
He
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L= %2 LVDT i3
O=% i &
S > S=+ TLVDT# 3|2 2% &
HRRFEZ 2mm e 3R & 0.1 um (10%mm) 7 o F TR G
-12~12V > - L LVDT# % - %+ % (amplifier) foF H 5 (cable) - &}
PRI P RRERELTEBAL DRI A RFRRS ] o

3.3.6 fhw FE 2 KR LR

J= € =~ (Load cell) (Maywood 49030 ) #-2_

E:
9
af
s
|k
=
o3
?:1
T

EMZphz A Lt At R E Rldhe R AN L E AP R
BEA R BRI -REDFEFI BT NFEA LR RED
THEIIF L AN ALERE S B AR dhE
M EAFRATRE o FIRZ IUHORRE PIE* T at/R 1400kPa Kk R -
( Pressure Transducer ) o & 38 & P|3% # 2_ 2RFe4c i 3-3 #17 o

£33 Bl AR i

EEE 2 Rl ER
T4 -- 7 <107%
-k CLVDT 2 mm 10 mm
R R E 4 kN 0.0IN

KRR 700 kPa 0.2 kPa

B At 100kPa 0.05kPa

43t 20N-m 0.004M-m
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3.3.7 A H B

AR R EPKAE @
cell ~ 3=

B k8 LVDT -5 B @ % LVDT~ - B Load
kR Z R A £ L 1B channel © F]pt 2 * NI-DAQ
PCI-6035E5 2. fgB~+ > fic & CP-68LP #-3% % g v 2 5 5 #ieir
R EEE P

G
Labview #2.;% i {7 T pF g% F AL % (b ~ edT ok B
VEEFEBL #F ~ NI-DAQ + % 28B4 3% » & w4 fE 3-20 ~ B 3-21
2 [§] 3-22 A1 o FoddE

BB A B 4o ] 3-11 9757 -
LR

R
R A R BRI BRI TR AN R E o & R
ZhE R R EE Ed e AL F AT RBFTE RS T > AL
Bl R FR T R ECR o T - B AR 2 L egt
FAMAINEGR T SRR U EFEWY A2 2 - A S ERE 2 m G
FEEEAF AL OAE S 2R IUEY - LR RE S L S
HIE g (7 o
A~ M p (TR

TR ERIEE RER
% o febfd ol REBRWAF By
341%KH%h &

R IR
a;fsflg‘;if’@u_z& }%%«ﬁ; °
EREEIRILD A3 e L n VDT #rie =

R L

1’515'-

SR 5 o]
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3-18 #77% » ZEK = 2 Aot - & 0riE t“}?@‘%éﬁLVDT Kotk Ve LVDT
Fookd 2Rl B LVDT ¥ & 53— g Rt - T2 HEEHE 0 L e -
fhauApde > LVDT WA R I ghE p 245 ) > BEHREFET gut i
PEd P REE A A2 FL 0 PRAY EE- IR RT3 e h
¥ - 3 LVDT R B4 Tﬁﬁt‘ SETET - 2R leme B4 0.5cm

EHFT 0 G AREFMAEL PO B2 Bl F &S AR BT

+ o B 3-40 5 ERLVDT 2K A X2~ B B 341 5 LVDT 2

L AR LVDT prf S eplir & o F > HAELVDT 7] £ 5 5 - 34 &
XrE-TiEG o AFAHTPREEN R > @EFLVDT # 2 F T #

BB AEEARY CRE > il L ME TS RO R

ZBERE AL FRIMA G B afda §RORE T2 S

PEB E R R E LS T A 2 B ERE -

]
3
®
kS
Jrek

> F A A B LVDT padfi sd L chg P =g dn
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F_&
T\
-(-”,_
P

LB

3]

TR EHTEFIIHMIT A AL R R LE v oun

!

P el R 2 2 9 R o 2 2 % i R Bl4eB] 3-28~ B 3-29
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2 B 3-30 %777 > & LVDT “7 R Bl e e 327 0L 2 #85 b cnB 88 7280
Lo B e e © o ek 215 B LVDT amf et 300 367 3 %
LEfele @i FlL a2 p Py #{30a LVDT F s > wapk

Lol Al o AT A A BoehT EiE Al o

&5
1

/ Sul 2 Sur

LVDT

Sai Sar

FEI 2 SuE Sy H A 3 L2 L FLVDTZ 24 & 5 Sqa% Sehl &
T2 22 L BLVDTZ BB E o BRI TA P AR ApEEAL e d b -

Bt ™ aoo § #FME e > L LVDTZ 24 £ A W4c™ 7] 973

S,=S,+R,+H, (3-3)
Sur :_Su + Ru + HU (3-4)
Sq =S4 +Ry +H, (3-5)
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pl¥d T

—

(3-9)
E) }‘7@%
_ 29(R03 —Ri3)
7= 3L(R02 - Ri2)
d ¢

S

' Ro5 ® Z FliLidtgz o L jg
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B 3-23 #77 » w & LVDT ¥ i 2 % % 4B 3-24 #1771 - %3 £ LVDT 32

—leEE A ARz S @R WEZ 3 )E B

BRI EAPESF EAL R RERr mBHEHY HLLE
P ER AR FERERHEIRE AN THRE PR AL LE BH
et e B e P E R PERSF AL ERS S T LVDT X£¥ i ¥
WEE S P B EEFE RS BT R B 325 TR LS
A LVDT i dicip b = wAp F 0 F Bl o digf oz Ap L @ > 7 5 Nl dcdp 5 -

B Ades P RS2 @R EBE -
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E AR - A U T N S R S -
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P FOFRTEFEESFI SRR AT A > 2 LVDT %% 28
WE 2 e BE i e TR IR 320977 R F AL
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IR e L ER F e LVDT 0?2 £ B S e B BB E o BT
B RWIE B e o BT R R AR 327 ot > T R T P IRS
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e B HFEERTIRYF AL P TS NHES R TIRTL
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ek B HEH S NEE IR T4 o B3335F Fhtirtpr Sk o 4
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Qi FE i de (45 0 B 3-34 Lol Acds ¥ 2 TR RE H 2%

AL s BT AR e RS bR B
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W
ki

w22+ LVDT 2 pEd 2 P gk B R L » (b P %8 &
FdlAcde g2 BT F - B -
345 Y R E R E

#2032 LVDT £ R & B> T o d P T F p e -

BE UL TR E TA PRI LB AT PG

BRI AR PR R T RS o EER I RS G

B335 5 AT RFER2Z#HE N - BEE T3 2LVDT
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TAPERFIZEFCHE I PRFEBERREL P RS FNL D
RINER R LA LT R Fef Y A - § A5 § 2
BRIAHEE G2 BT %2 i 2 P4 & o B 3-36 5 £RIFI2 &4
FeRILFE o ARAFE N AT RRIFE S L13%10 % T 4 s

TAMPaFE & vv 5 7.53% » 3wt B 3 Nde b - &0 ke o

P A R L RE L TR AT RS R E W TR TR
SR A= R ) O ST
3.5 % 2

RSk gy Tokietal (1995)2 &3k » & * b — E4g K L-2 7% K&%iﬁ‘"
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2. 7 R i e
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6. iTH - ¥ ET

7. ERBHFOE I FMR I (FARA AR BBk -

8. it TR FokBEK UG E SR ERNR R -

o

iy B 4T
3512 #§

ABEHIE LR w2 ¢ T AT T2 ekl 2 £
5% 15% 2 30%% 50% 0 d *tiEd 2 A (2000) ¥ A F w3
£ (FC=30%% 50%) i& TR #:85% > Flob o AR Q1 3 52 2 38
Sd LA 8 EER S 2 Rk o RBEHIIER 2
T& 37 2200508 (0.074mm) 2 2 4k > ol R 5 i 4 200 BLE
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2P e AR kol 7 B2 R AR BEE I ekl (s > B ORA
¥ 200 BLE o2 2R R E 2 BT AR A B Wegr {8 e AR
BB A TR FE R 200 B E 2 5 B )T 5% Tkt i §
5% AFARG FREZGLER o
35232 ¥
AR 2 FME TS N RS2 (wettamping) % 52 % 2 (Dry
deposition) s FE:EHE (T3 2 > o5 2 kg aw) 2 ZANEL N B4
Bt MR F IR 0 WECL PR IR R RA  RF
10~20kPa B Z vx # @ iR = T 5252 A 2 22 B H A it
B R hicE ¢ iR wll FER L FENPITL ERY TS

A5 kR 8% RiEA K #E)
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B OARCER A& KA ﬁi?iiﬁi?%&’éﬁibﬁ%éi;
AR EFR R EME, AR ENR Y wp - e R (TiE A
BT T e L E R e e Bt o SR eRp 20 58S AR LR
Bl ERF RS AT LR IR A EH ALY B2 T Y
WA F PR A A ] 2 A 0 R IR R o
Lo AR A (M) AT EMR FHETZ L 08 (05D
BOTZ AR BT (M) 0 BB () KR
AR () (S F oo iR ﬁ»\ﬁﬂs‘:,ﬂr e Bl o b g A B e
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Wieidag -

2. BF 2 BALF A MR A~ R RA BB L L B AT 4

N

RRzZFRERIZEER

—4
iy
o
o
=
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=11
e
st
A
7‘.
(w
=
b
el

PRAHER c AR LGB A% AT AR 2
Jo B E 2 EARMH T ok L R RIEHA K B RSS2 E
B flr SRR TR KL EMA A H TR -

3 EME TR S REME F AR AR R TN AT

o B AR P IR S LVDTLE Rk s 5 LR LVDT 2 & % B 2

WRALEE o MAGHREERT Y FER T R EE R
FARFTT 23V > YT BRAERSRE S FHA IV 15mm 0 {12 §g

A BRAEFBIHYELRF FFBCHEE 0 AR LVDT @& 2 jhi#c
SR RGEEIZWERAL MY BRI T FEH S
ET 2 RS R AR DA K VR4 F
Liatlphe R4 -
3.5.3 W2 &
B ph AR S B FIREY 10~20kPa > & FEHac g p = > @il
ZF e (COy) 2 F& > B AP IR 7§ i » §f BX SkPa> i »

RIS A4 o = F VRIS » d FBANRG KA %"’T‘»} -k (deaired
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water) » FIEHN ARASEF ok S L 0 BRL L TRA K S 1E g
25kPa$ 54 F KB S dhe B4 4 M4 B TR 2 R4 Gk o
354z 2B

hoE KRS 2 AR eER 12 ) L4 BEHERRPMP > Tk
7 B-check » 12 | 23548 & F Flid4rfr > B B & £ /£ 095 0 » 2 g
RS T Aol BB 172 BT REBERRFEEFRR
BRI RE R TR K R RR RN T

BARCHETRB RS E o MR R KEF LR TRRHE

KRPME > BRI pR B > TLRB R TFRFET -

AA

PeB @& P EFT e HAD P A RRMMF Y 1044

BB B A AT s SRR IR R A g 0 B TR K R

L pAAF AL B2 LR TE > P TRIRGS 10 R4F - 4F
FHTPER TS OkHz o % H- 3@ 2 0 RS kA 4 B2k
W GRS T e BT g 2 f B (trigger) iR 0 B &
TR BT AU R B2 T Lo i SR 2 B2 2 ph

YL T R S

2. BECR Mo B AELET IO o K R R PR 5 Sms v 3R T
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% channel 1 » ¥ ¥ 3% T §c 88 (7 5L fpte T 398 5 o #-7 P2 M EL
#x £ channel 1 22 = R A A2 54 A~ 24 o

3. MBE- KR 3T S#cd # Bsignaldg> B2 24 H- 3813z
o AR E G 5~10 5 0 R e T E YR > X iesE A
HEEFAE > RIRITH2Z R RA 2 B~ dRtg 0 A TR F A

BT R R -

40 PR AR RR TR A LET I E TS (5 (7 @

s ;\.“%J-_;E_l; "l' %Il 3 ﬁ—&emax ,L Bﬁ‘]ﬂ&7 = 'L-k\'_"r}';: i’:‘”f;}i— o
p_ P
G =F£_ 3.11
VSZ (L/t)2 ( )
He
P = Pé'ﬁﬁ%ﬁ'ﬁ %}i °
L =32k Ak sRliRIeg T4~ TRE

FIE R
T = A BFF -
356 A R 2T F%
Kokusho (1982) &¥F3k4 8 (7388 » ASARY 2 3B i » H g
FEORER S F AP RFRFNE G kol B S MR F Y R

A PNGRIRE RS X T AT
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I pARTEE4cfiid 55 0025Hz 2 F AR 10=x- £ & RF

27

4 iE (S o Frde M BLPEB K ALES 0 [ B Ao ARET o

2. 10 ASFERSL > BERLIEFF - £ - BEFEFR (4o
10°%~107%) Q7= 3T w2 AN > 2 224 4 %0

Mg (Fof? 5 F)e

3. M2 T4 flcr A R AR X PR ORRT (95 %
4~8 1 cycle T ) ¥ 2 J& # & % FEF BB (stress-strain hysteretic loop)

PEOV RS ZFTHELT AR ML P Y T 4 R R

bLo
T
G, =% 3-12
= (3-12)
27 W, +W, (3-13)

A2 AW W~ #Wo2 R Ao F] 3-40 #0or
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% R $ % #) (MLS )~ Quiou #j (QuS)~Toyura #; (QS)~ ¥ Ticino

% 3-2
Fy(TS) ek A% (4 p Almeida et al., 1991 ; Fioravanteet al., 1991 ; Borden,
1991 )
v Quiou #) Toyura #} Ticino #)
B e (MLS) (Qus) (QS) (18)
v Z % (muscovite) g . o
ws @ | B E (chlorite) «-\jﬁ&i"g (CaCOy) | & % Ffeldspar) F ’(sﬂlca)
, % ¥ (quartz) % ¥ (quartz) % ¥ (quartz)
% ¥ (quartz)
Dsp, mm 0.125 0.72 0.16 0.53
Do, mm 0.065 0.14 0.13 0.36
Cy 2.15 3 1.46 1.58
Rz 2,
(yf 15 4~20 0 0
g 2.69 2.71 2.64 2.69
= &35 = &35
TN (sul‘)-‘ailgu’lar) =< & 75 = & 2 (sub-ang/ular)
& A (sub-angular) (sub-angular) & 25
(flaky) (angular)
€max 1.058 1.281 0.977 0.931
Cmin 0.589 0.831 0.605 0.579
Dcrit 31.6° - - -

&3




34 FRigEH2VERREE (REF,1997)

o 1 2 3 4 TiaiE
o4 £(Ws) g 25.5 22.8 | 31.68 | 56.04
Fg+k £(Wa)g | 335.85 | 153.42 | 156.5 | 670.22
Fgt+2 + K £ (Wb) g| 351.67 | 167.63 | 176.24 | 704.89
FZREWhHg 86.8 | 54.17 | 56.88 | 171.99
g Gs 2.634 1 2.654. | 2.653 | 2.622 2.641
%35 $FREEHDLREIAERRSF (REF,1997)
B 1 2 3 4 5
¥ =, N 19 24 26 28 22
rE,g 1.57 | 1.59 | 1.32 | 1.31 | 1.28
r+d+KE, g 7.12 | 9.53 | 5.83 [ 1098 | 8.5
r+t g, g 5.73 7.6 | 474 | 8.69 | 6.74
z2kE,% 3341 | 32.11 | 31.87 | 31.02 | 32.23
25 T ¥z LL, % | 31.32
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36§ Fic

2 R R (3RE T, 1997)

B %)
1 2 3 4 5

reE,g

128 | 1.29 | 1.59 1.6 1.3
r+i+KkE, g

234 | 2.08 | 2.83 2.89 3.19
T+ E,g

2.14 | 1.94 | 2.58 2.69 2.82
/\7, 0
FIREL % 2325 | 21.53 | 2525 | 18.34 | 24.34
T 357 #13 PL, O

ERPL % | ) 54
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1.40
- D, =50% K D,_=70% K D _=85%K
130 —=—05 —+—— 05 —A—05
- —6e— 1.0 —x—10 —e— 10
120 —H—20 ——20 —®—20
1.10
E :emax
1.00 |~
o 0.90
0.80
0.70 |-
060 :_:Iemin
0.50 -
040_ ] IIIIIII| ] IIIIIII| ] 1 1 1 1111
1 10 100 1000
p', kPa

Bl 3-6 & Zrimkik i ® 15%2 = phB & & s (EP i, 2002)

90



1.40

1.30

1.20

1.10

1.00

o’ 0.90

0.80

0.70

0.60

0.50

0.40

B3-7 & FFmbis R 30%2

- e FC =30% FC = 50%

- D, =50% K D, =50% K
C e —A— 05 —e— |
- —e— 1.0 —m— 15
- —H— 20

- D,=70% K D _=70% K
— ——— 0.5 —x— 1
- ——%— 1.0 ——15
E :': emin‘gcemax :emin&emax
:_ ‘:':' Cimin

- ] ] IIIIII| ] | IIIIII| ] 1 1 1111
1 10 100

p', kPa

91

1000

50%z. = gh/R B d A (FEP i, 2002)



BHEE R - R EEHZE

S Sl

R - FzrkEE - EEES

B39 ¢ 802 phg il s

92



.

&1r Pregsure Tuhine

preumatic piston

. - /—mnh:ur

Torgue load cell
top cap

bender elerment
g0l speclimeh

93



— —3

DYNASERY
=]
o1
— ]
o1
@1
]

- - NI E
‘ “ UMI-7764 -

EFﬁHJ% ?HH Driver
N ‘ CB-68LP owieo | "
PCI-7344 ]
| —
gy <~ —— [ |l] A
S BB BT

B 3-11 B iEspdofnd] bk sz #pinies 3 B

Strain Movel] vi ]
File Edit Operate Tools Brows Window Help I-AHIE

CONToUR

& I{E}I @IE | Z4pt Application Font |+ ” :Dvi Tﬁv”fflvl o OO0

=

Wayetorm Graph

Thiz exeomple saves, nses and deletes a buffer from
onboard BOM, When monning thiz example, make sre
1o ather applications (such as Measurement Sz
Automation Explorer or even other LabVIEW V) are
talking to your Flexbdotion controller. For more

4000 6000
i

2000

10000

information, press Chl - 1. -%’
=
g
<4
EBoard 1D Eequested Interval
| 3w
Axiz Num Actoal Interval
O
jE ED.EID
signal type Perinds
2 g al
5’ Triangle Wawve E 10,00
blam Bteps Backlazh Tnitial Step Fz

“4l90.00000 000 40,00 950,00
i v v .

o

HexT

B 3-12 5 it LabVIEW #7442 5"

94



Bl 3-13 §R2OKRE 6

95



Function Generator

—‘ Top Cap
N A \g{@ /
L iz I‘kiBender Element
| (Transmitter)
PW-145 ‘ . .
o0 o T Soil Specimen
[© J=l o !
]
% - =——Bender Element
AN (Receiver)

Pedestal

—

Wave Signal System

=2

B 3-14 T Ak iF 15 % ST £ B

BRI R T

12.7x10x0.5 mm ~__

4.5 rmm

) R TR F Mg

%

N AN

=
e

® 3-15 @?F%%BHB}TL—;'GJ;'&%{;{QTT

96



_—

F3-16 MR BB T 4L A B

[FORMAT | TRACE | EXPAND | MARKERS | MATH || TASKs |

48 .395mn

FREQUENCY | LINE | AVERAGE | INPUT

FProcessing Data

Alt + Ctrl:
HMEAEUBE ETART

Bl 3-17 3 4 b~ 2Rkl

97



98



B 3-19 #= 4 3+

B 3-20 GUELEEEK A —EL s BT 4

99



.- TTAY.

_'E_r B0 || e | [ Mmmas Bl - 90| Lok VIEW | EEIT e ot M 03 1Y g - s FE Tems

B 3-22a LabVIEW 2t 5B~ 42 ;¢ 1

100



i Y
b homal towred

==l W]

e

. - L
] S DD || mmois | LeviEe e T o B - L e - P T e M e ) | RO TruE

B] 3-20b | LABVIEW 2 5 #5547 50 2

B 3-23 LVDT ¥ jhik <

101



0.1032x +0.0112 R2=1

up-left: y

—] o0

N I I I B
QRO NTONAN—TO
SooococoSooOS

ww quawdde[dsi(q

-10

0:1049x - 0.0004 R2=1

up-right: y

—QXREYNTON—O
SCoocococoooSo

ww ‘puawdde[dsi(q

-10

B 3-24(a) LVDT H jhiL 7.2 &

102



down-right: y =-0.1023x + 0.0047 R?=0.9999
1
g 09 ©
g 08— O
< 0.7 F O
5 0.6 e
S 0.5 e
S 0.4 o
= 03 F ®
.EQL’ 0.2 — OO
O'(1)_||||||||%
-10 -8 -6 -4 -2 0
\Y%
down-left: y.=-0.1024x + 0.0141 R2?=0.9998
1 A
g 09|
E 0.8 =
£ 07F
G 0.6 —
S 0.5
S 0.4
= 03}
.‘Qﬁ 0.2 —
O'(1)_|||||||||
-10 -8 -6 -4 -2 0
V

103




1.2

0.6 -
04—
02F

LVDT,mm

02 F
0.4
0.6 F
0.8

-1.2

right :up(+)
left: up(-)

—o6— right LVDT
———— left LVDT

-1.5

-1 -0.5 0 0.5
Torsional displacement, mm

1

1.5

0.02

0.015 —

0.01 —

0.005 —

LVDT,mm

-0.005 —

-0.01

——— difference

-1.5

-1 -0.5 0 0.5
Torsional displacement, mm

B 3-25LVDT 2 #& & & <_

104

1

L5



LVDT, mm
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MLS Geq = 7.4MPa shear strain = 1.14e-3 h=7.53%
Shear stress, kPa

0.1 0.2
Shear stain, %

-12
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MLS Geq = 5.77MPa shear strain = 1.11e-3 h=25.03%

Shear stress, kPa
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= Shear stain, %
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B4l SRRSO R SR 2 PRk R B %
BHRP Y| B%R%HBE | FC% o e Vs G Ceq G/ Gimax h v, %
(kPa) (m/sec) | (MPa) (MPa) range

94/5/23 e083fc0-04¢ <5 100 | 0.833 148.8 | 41.62 | 38.36~2.36 | 0.92~0.057 | 0.013~0.22 0.0015~0.52
94/5/24 ¢083fc0-05¢ <5 100 | 0.836 | 145.87 | 39.99 | 39.38~1.19 | 0.98~0.03 | 0.012~0.22 | 0.00097~0.716
94/5/26 ¢083fc0-06¢ <5 100 | 0.898 147.3 41.23 | 39.15~0.61 | 0.95~0.015 0~0.25 0.0012~0.85
94/6/8 e09fc0-0le <5 100 | 0.939 | 143.76 | 3791 | 36.43~0.63 | 0.96~0.016 | 0.072~0.22 | 0.0012~0.815
94/6/15 e075fc0-01e <5 100 | 0.762 | 150.18 .+'42.737}.42.46~1.31 | 0.99~0.03 0~0.21 0.0011~0.84
94/6/28 e08fc0-0le <5 100 | 0.814 | 146.46 | 41977 | 40:91~0.54 | 0.98~0.013 0~0.20 0.0012~2.17
94/7/7 e09fc0-02e <5 100 0.883 | 142.32.°| 38.25+] 38.25~0.15 | 0.95~0.004 0~0.23 0.0013~0.56
94/7/24 e09fc0-03e <5 100 0.888 | 147.2 40.89 | 37.29~6015 | 0.91~0.15 | 0.99~18.46 | 0.0013~0.206
94/7/27 e09fc0-04e <5 100 0.89 151:52 "(+42.41+ 37.83~2.64 | 0.89~0.06 | 2.29~22.89 | 0.0011~0.33
94/7/20 €095fc0-02¢ <5 100 0.961 | 143.27 | 137:03"| "34.67~1.04 | 0.93~0.028 | 2.79~20.3 0.0009~0.44
94/7/26 e082fc0-02¢ <5 100 0.829 | 15895 | 47.61 | 43.41~0.61 | 0.91~0.012 | 2.47~20.3 0.0011~0.85
94/6/17 e08fc15-01e 15 100 | 0.803 | 144.62 | 40.55 | 39.96~0.85 | 0.98~0.021 0~-0.26 0.0011~0.53
94/6/20 e07fc15-01e 15 100 | 0.704 | 150.59 | 44.58 | 44.59~0.65 1~0.015 0.078~0.22 | 0.0008~0.427
94/6/24 e08fc30-01e 30 100 | 0.798 | 13791 | 36.98 | 35.97~1.08 | 0.97~0.029 0~0.19 0.00099~0.34
94/6/27 e08fc50-01e 50 100 | 0.757 | 142.55 | 39.63 | 37.09~1.23 | 0.94~0.031 0~0.22 0.00097~0.31
94/6/6 e06ottwa-Ole - 100 | 0.597 | 200.69 | 81.81 | 52.37~0.78 | 0.64~0.009 | 0.06~0.28 0.00089~1.13
94/6/12 | e06ottwa-02e - 100 | 0.609 | 203.54 | 84.15 | 48.11~0.86 | 0.57~0.01 0~0.29 0.0011~0.89
94/6/14 | eO6ottwa-03e - 100 | 0.619 | 19528 | 77.46 | 51.41~0.68 | 0.65~0.0086 0~0.29 0.001~0.92

128




2042 A AERHA NS

Mineral Quartz
Shape Rounded
emax 0.76
emin 0.50

Gs 2.65
D60(mm) 0.36
D10@mm) 0.23

Cu 1.56

129




Gy /Gnax

Bl 4-1(a)

45 o €c=0.833 FC<5%

& O €c=0.836 FC<5%
40¢— Orn. A A €c=0.898 FC<5%

o x> ©
oA
35+
O
30 |- A
25 0
20 |- <
O
15
A

10 — %

S A

R

O | | IIIIII| || IIIIII| | | IIIIII| | | III(PI/_\

0.0001 0.001 0.01 0.1 1
Shear strainy, (%)
FFRAEM] R 2RV ik PP ER T

A HEE T R M GRBIGEY g R 2 /)

130



50 =

o ¢=0.89 FC<5%

T O e=0.888 FC<5%
el A e=0.883 FC<5%

¢ @ A
35+ o © o0

A
:
o 0
Q@ 25 F A
(DO
20 o
O
A
15
O
10 — oA
O
5 -
FTA

Ol— | | IIIIII| | | IIIIII| | | IIIIII| | | IK)IIIl

0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

B 4-1(b) % FicERM) z@é%‘v‘ TR iRz ARG
AWEE T R LM GRBIGEW RS R BT

131



Geqg/Gmax h
O €c=0.833 FC<5% . €c=0.833 FC<5%
O €c=0.836 FC<5% o €c=0.836 FC<5%
A ec=0.898 FC<5% A €c=0.898 FC<5%
— — - Seed and Idriss (1970) | | — — — Seed and Idriss (1970)
lgr—=———=5 — 30
TNA o
0.9 F ¥ o %o\A -7
N\ O\ 7 Al o5
AN /e
0.7 L \ A \ y *0
\ y A A
0.6 - X 0N /
5 /
= \ \ ¢ / .
© osh \A/OA\ /gy
g \ e /
O
© o4t T NT Ny
y / NOOA — 10
| / ¢ ©Q
0.2 p Y <{ N 1
~ A, NN
0.1 _ -~ ./‘ A\O\ ~Y
= XN SN
O‘-— 'I"'"I"TIIIIIl_‘_ |A|A|||||| Ll 1 ||||Q£Lo
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-2() ¢ FicEmk RE? 74
ARt B R R B R

E——%Fé‘% ﬁ‘%fﬁﬂ‘zi\‘%—"“’
B O BIGARE g % 2 /LT

*mw

132



Geq/Gmax h
o e.=0.89 FC<5% * ec=0.89 FC<5%
O ¢,=0.888 FC<5% ® e.=0.888 FC<5%
A e=0.883 FC<5% A e.=0.883 FC<5%
— — - Seed and Idriss (1970) | | — — — Seed and Idriss (1970)
|=—=———C 30
~ - O"‘ ~
0.9 - ISIR-TNN P
N\ X 7 - 25
0.8 — QO \ / R
NG A
07T %\ / A 20
O /
0.6 — NN ® v
gV AV 4
(DE \ oy \ o / A
\@ 05 — \/( \ / — 15 %
o} o\ ¢ /
0.4 - 7N ANy
/ NOA — 10
03 / 0\/ O\
4 Q
02| / ¢ 7R
' e e ~ D ds
s s XN
0.1F — “a /, Z ~ Ny
- ¢ O & |
0‘_: -r'l‘TlTTur: T‘l"l‘llud L ol L 11y o
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

B 4-2(b) ¢ FicEmM B 24
PR R R R Y R R

1=

Tz bk 2 AT R — T
HBIGRE R S 2 BT

=

133



00L  —— ¢=0.833 FC<5%
—o— ¢,~0.836 FC<5%
0.8 1= 4 ¢=0.898 FC<5%

0.7 -

0.6 —

0.5

0.4 —

Pore pressure ratio

03

0.2 —

0.1

() @l MR ETIT] B RN IR ETTT
0.0001 0.001 0.01 0.1 1

Shear strain vy, (%)

) 4-3(a) -SRIV N I iﬂ, Z ik 2 EAF MRS AR
KoK R AT R 2 B RRIGEM 5 2 2 /E)

134



09 —— ¢=0.89 FC<5%
—— ¢=0.888 FC<5%
—a— ¢,=0.883 FC<5%

o
o0
|

S
3
|

o
o)
I

<o
~
I

Pore pressurc ratio
S
()]
|

e
)
|

S
Y
|

0.1

O. ] IIIIIII| IIIIIII| 1 1 111l

0.0001 0.001 0.01 0.1 1
Shear strainy, (%)

ZPhirRZ EA M RE A

53514-3(b) EEFICAEM R ?;a‘i'i
M RGRI R B 2 1)

SERIRY T S E

135



Geq h
o e =0.597 Ottawa sand . e,.=0.597 Ottawa sand
O e.=0.609 Ottawa sand ¢ 6020'60? gttawa san;l
A e.=0.591 Ottawa sand A e—0-59 tt?wa saf
— — — Seed and Idriss (1970)
90 30
¢ 4
80 f&— _ -
/ - 25
70 | /
/
/
60 — PSE ) / y 20
e QA0 A / /
A n
S 50 o N Q Y, y {5
= & / -
o YT A
R )4
30 / o/ — 10
@/
/
20 — / Jb
/s 15
ok - %
-~ -
0‘: —T:I_Flmlh-—:.—l:‘.ﬂ_’-lm Ll 1 |||||_r§<30
0.0001 0.001 0.01 0.1 1

Shear strain vy, (%)

Bl4-4 *2E0l ] B 22T 2R 24 RR—T 4

xR MR

136



- ——— ¢.=0.597 Ottawa sand 4
—=—— ¢,=0.609 Ottawa sand
08— | a e.=0.591 Ottawa sand
.S
8 0.6
(D]
2
§ n
o
(D]
= 04 —
¥
02—
OA___'_'_'_"_ 1 |||||||| L
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl4-5 *2E0M ) B 2827 2 phidBkz 24 ER% QR
ok R BT g2 M E

137



Mailiau Sand Shear Strain = 1.8 x 10°%

0.01 —
AN

o
i= 0

s
5

§—0.01

(D]
=
75

-0.02 —
g “‘ﬂ

- 2

l..)

p]

S0
5

=t -2

Q
7

SH I VU

=

< 6

¥

>

-

<

L

5

A

o

=9

o

=

=

L

Q? 2 \ | \ | \ | \ |

0 100 200 300 400
Time, Sec

B 4-6 HAENEK]RESY ZETZFEHESE (FC<5%)

138



MLS FC=15%  €,=0.8

Confining Pressure = 400 kPa  Back Pressure = 300 kPa
Geq =39.96MPa shear strain = 1.06e-3%

shear stress, kPa

0.2 —

0  0.0005

shear stain, %

Bl 4-7a) AR BE? 2T 2hB%R T RS B G
(FC=15% > e~0.8 > v=10"%)

139



MLS FC=15%  ¢,=0.8

Confining Pressure =400 kPa  Back Pressure = 300 kPa
Geq = 26.79MPa shear strain = 1.07e-2%

shear stress, kPa

4__

0,02 -0.015 -0 0.005 0.01

shear stain, %

Bl 4-7(b) ARSI BT ZET = T RS RRM G
(FC=15% > e~0.8 > v=10"%)

140



MLS FC=15%  ¢,=0.8

Confining Pressure =400 kPa  Back Pressure = 300 kPa
Geq = 10.41MPa shear strain = 8.67¢-2%

shear stress, kPa

12 ——

0.08

shear stain, %

-12 —4—
Bl 4-7(c) AR M) ER? 22T 2 hid% TR BEM &
(FC=15% > e~0.8 > v=10"%)

141



MLS FC=15%  ¢,=0.8

Confining Pressure =400 kPa  Back Pressure = 300 kPa
Geq = 3.83MPa shear strain = 2.37e-1%

shear stress, kPa

15 —7

0.4

shear stain, %

Bl 4-7(d) AR REY 22T -2 T R4 REM G
(FC=15% > e~0.8 » v=2%10"%)

142



50 =
45 |-
| "o,
40 — ¢ o P
Y vAV AV N =
35F v
i
30 -
5 v
< a5t v
(DO AO®
20 |-
m - e=0.762 FC<5% v
15 o ¢=0814FC<5% »
A e=01833FC<5%
- v
10 v e=0.939 FC<5% N
" o
o v
A
O | IIIIIIII | IIIIIIII | IIIIIIII | IIIII'
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

B 4-8(a) T4 WHG)ET R 27, (FC<5%) GFH T
i 17)

143



Gy /G

&1 4-8(Db)

50l—

45
[ ]
40 o
¢ A
35 F v )
30 W
a®
25 F
v
20 A
() €. 70.829 FC<5%
15F A c=0.89FC<5%
v “e~096TEC<5% .
10 — A
5k e
A
O | | ||||||| | | ||||||| | | ||||||| | | Ivll_l_l
0.0001 0.001 0.01 0.1 1

’

Shear strainy, (%)

% 4L 17)

144

4 e(G) T R R 2 ) (FC<5%) (G40 R 5



50

B ¢=0.704 FC=15%
el . ® ¢=0.803FC=15%
|
409 °
)
°
35k "
|
30 —
: °
@)
= 25 F m
(DD
20 — ®
15 F
10 "
|
5 -
O | IIIIIIII | IIIIIIII | IIIIIIII | I.!l_l_l_L,
0.0001 0.001 0.01 0.1
Shear strainy, (%)
B 49 T4 G ET R 2T (FC=15%)

145



40

35F

30 — u

25

20

Gy /G

15 |

10 —

O | IIIIIIII | IIIIIIII | IIIIIIII

" - m ¢ —08FC=30%

0.0001 0.001 0.01 0.1
Shear strainy, (%)

B 4-10 %4 ) ET ¥Rt 23 (FC=30%)

146

1



40@r

35F

30 —

25

20

Gy /G

I5F

10 —

| u e, =0.8 Fc=50%

0.001 0.01 0.1
Shear strainy, (%)

¥4 HoHe(G) ST R 2 ) (FC=50%)

147




30
B ¢=0.762 FC<5% -
® ¢=0814FC<5% -
25 B /
A ¢=0.833 FC<5%
v e=0.939 FC<5% 2
= — — Sced and Idriss (1970) / 4
-9" 20 | cc v /
s /
o /
g / |
£ s 4
g / Y,
2
g Y
2 /
2 10 — /
an 7/ o ®
7 ./
5+ 7 »
s o
- ~om
—_ A2 1 P
0.—:: I’—'II’T'T'IIII;J.’_‘_MHJ Lol L1 111111
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-12(a) re Rt (h)SEHF RFR 2 (FC<5%) (R s
i 4l %)

148



30
® e.=0.829 FC<5% —
A ¢=0.89 FC<5% 7
25 /
v e, =0.961 FC<5% .
— — Seed and Idriss (1970) /
X / A
S 20 . voe
s /
o y /
=
3 /ey
2 /
° ° /
D /
% 10— v/
>
an /
/ /
A
o * 7
S5F 0/ Y
7
e /
- + %7
OE' I—T 1 T1111 ye | | IIIIIII | | IIIIIII | 1 111111
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

B 4-12(b) et (h)SET R 2 ) (FC<5%) GFME IR S
i+ 4] 17)

149



Hysteretic damping ratio, %

30

u e.=0.7 FC=15% —

® ¢=08FC=15% “o
25 . /

— — Seed and Idriss (1970)
/" m
20 y / /
y o /
15 F - /
/ e
/ m
y /
10 |- ) /
i o /
5 4 e
7 P -
~ - ~

— |
0-—:: I:ITTI!I;, rl IIIIIII | | IIIIIII | 1 111111
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-13 it (h)Ed Rg®it 27 (FC=15%)

150



30
| e,=0.8 FC=30% —
)5 — — Seed and Idriss (1970) s
/
X
.9.\ 20 — / [ /
s /
o . /
£ /
2 s /
5 / /
2 /
2 . /
3 /
Z 10— /
T 4 y
i
5k / | 7
% e
~ ~
— - - (
OE‘ I"‘_TI’I_TII‘, - | IIIIIII | | IIIIIII | 1 1 1111l
0.0001 0.001 0.01 0.1 1
Shear strainy, (%)
Bl 4-14 it ()T RER 27 (FC=30%)

151



30
[ ] e.=0.8 FC=50% —
)5 — — Seed and Idriss (1970) s
/' m
N
S 20— y / /
< [ ]
& /
£ /
= s /
3 / /
Q
2 / /
) /
Z 10 /
T / o y
/
5+ 4 4
s .
7 [ | /
— - -
0-—:: I:ITTIIr ! | IIIIIII | | IIIIIII | 1 11111l
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-15 it ()T RER 27 (FC=50%)

152



=
O~ -\'0
N ATy
0.9 F N g
N
N
0.8 - N\ .
\ *\
0.7 F v
\
A
06— \ \i
E
< s} \
o} \ A\
041~ o = &=0/762 FC<5% \ A
03 L m - c=0814Fc<5% N\
A " e=0833FC<5% RN
0.2 v ¢=0.939Fc<5% A \
— — Seed and Idriss (1970) \’\ \
0.1 F oy
AN
0 | IIIIIII| | IIIIIII| | IIIIIII| | Illlﬁ
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

W LEE ik )

153



]
T~ A~
0.9 = AN
\V \
[ R 4
0.8 — N\ a \
0.7 F v \
\
v
06— \g \\
g
A
< osh VA
(j’ \ = \
0.41— B - c=0.829 Fc<5% \ 7\
03 L A 7 e=0.89FC<5% N\
v €. =0:961 Fc<5% . SN
02— — — Seed and Idriss (1970) \ \
SO
0.1 F ~N N
A 1
0 | IIIIIII| | IIIIIII| | IIIIIII| | IIvI‘_L._'
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Wa-l60) 2an ¥ (S e R b i (FC<5%) G

IR % E )

154



1.2

1.1

0.9
0.8
0.7
0.6

Geq / Gmax

0.5
0.4
0.3
0.2
0.1

*
|

\

)\

\0

e, =0.7 FC=15%
€, =0:8 Fe=15%
— Seed and Idriss (1970)

\
\

\
\

\\
\
NN

* N\

Ay
\

I\Jﬁ;‘

N

0
0.0001

0.001

0.01

0.1

Shear strainy, (%)

1

Ma17 zai ¥ (S0l 2T eI B (FC=15%)

155



] o= =
~ *— ~
0.9 - ~ < N
\
0.8 - NN
\ \
0.7 F
\
4
06 \ \\
E
S os) Vo
5 v
[ ¢
0.4 \ O\
0.3 NN
\\ \
0.2 —
o ¢~08Fc=30% ¢
01k — — Seed and Idriss (1970) N N ~
~ -',
0 || IIIIII| || IIIIII| | IIIIIII| | I‘IIIIII
0.0001 0.001 0.01 0.1 1
Shear strainy, (%)
B 4-18 & 05 +mc(6% j.%i’“iﬁf@é?éif’s# % (FC=30%)

156



~ ‘\\ ~
09 F < D
*\ N
0.8 — \
\ \
0.7
\
_ 06— o \ \\
:
S os) Vo
o} . \ \
04— \ O\
03 * NN
.\
02 AN
o ¢=08FC=50%
01k — — Seed and Idriss (1970) * N N y
~ -',
0 | IIIIIII| | IIIIIII| | IIIIIII| | I‘IIIIII
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

419 2t pen Ol et Lt (FC=50%)

157



MLS FC<5%
Seed and Idriss, 1970
30 . e, =0.762 FC<5%
[ | e, =0.814 FC<5%
° e, =0.833 FC<5%
— A e,=0.939 FC<5%
20 ﬁ N
L 2
X [ |
M A.A“ ’.
10 —
L 4
O | IIIIIII| | IIIIIII| | IIIIIII| | II?II" | HEEEE
0.0001 0.001 0.01 0.1 | 10

Shear strain, y (%)

B 4-20 # fditHT o K SmE T R 2M % (FC<5%)

158



MLS  €c=0.7
Seed and Idriss, 1970

30 . e, =0.762 FC<5%
B ¢=0.704 Fc=15%

0 ] IIIIIII| ] IIIIIII| ] IIIIIII| ] I.Illl L 1 111l

0.0001 0.001 0.01 0.1 1 10
Shear strain, y (%)

Bl 4-21 2 F3tHT K3 ET R M % (FC=15%)

159



MLS FC=15%
Seed and Idriss, 1970
30 * e.=0.814 FC<5%
[ | e.=0.803 FC=15%
) e, =0.798 FC=30%
| A e.=0.757 FC=50%
20 —
g s > 2R IR
¢ m o
B a
o
10 2
‘A :
0 Lol Lol Lol I QL-|||| 111111
0.0001 0.001 0.01 0.1 | 10

B4-22 2FRmizE7T K

Shear strain, y (%)

160



i8] 4-23

20

1
[
5 L ° A -
16 — ° A —{ os
0
[
=X
12— © — 06
0O =
=
- 1 =z
a,
o — 0.48
° <
- ¢, ~0.8 FC<5% ‘A o) N
) K,
4 — . — 02
A pore pressure ratio
- . —
A
Q
O | ||||||||‘ |.||‘|||ﬂ | IIIIIII| | IIIIIII| .|||||||0
0.0001 0.001 0.01 0.1 1 10
Shear strain vy, (%)
g R R B e P E K R T R

% (FC<5%)

161



20

* ®
L
16 |- °
12 @
M
8 —
L =08 FC=15%
[ K,
4 a pore pressure Tatio

00

A

O

O

0.0001 0.001

424 rodeded R FUR A RS o0k P E K R T
% (FC=15%)

162

0 | |||||||L h |‘Illllf | IIIIIII| | II’IIIl 1 1 1111l

0.01
Shear strainy, (%)

il

0.8

o
[or]
t10, %

o
N
€ pressurc ra

Por

0.2

0

10



20 1
| A _
16.— L — o8
o
o X
S
12 — A —0es
S
- ") o
SIS 1 3
5
- —{ 04"
8 ® ot
° ~
e.=0.8 FC=30% i
4 @ K, © — 02
A pore pressure ratio 4 P
n o _
A
0 1 1 |||||!l ‘ |‘IIIII| [ | IIIIII| | PIIIIIIl L it 0
0.0001 0.001 0.01 0.1 1 10

Shear strainy, (%)

425 tgedid BB 2 RS ok P E K Rl T 2 M

24
e

(FC=30%)

163



20 1
¢ A ]
o
16 — — 0.8
- . —
X
A S
12— — o.eé
“ o o
T 1 2
5
8 - o — 0.4§
® | [a B}
e.=0.8 FC=50% o
4 @ K A — 0.2
A pore pressure ratio
n o _
A
0‘ | IIIIII” h Ilgllll | IIIIIII| | ’Illllll L it 0
0.0001 0.001 0.01 0.1 1 10

Shear strainy, (%)

Bl 426 ©ihed BB A M okt K Rl T R
% (FC=50%)

164



09 F %‘ \g ‘\ .
N\
0.7F \
\T \
) 0.6 — v \x
£
< ost AR
<) e~0.814FC<5% v
¢ § L A X
0.4 Dty depesition \ )
€.=0.829 FC<5%
X ¢ v
0.3 wet tamping oA
ool ™ Ces0803FC=LsYiwey ‘(\ \
’ A e=0.798 FC=30%(wet) A D
o1l Y e~0.757 FC=50%(wet) MEAN N
— — Seed and Idriss (1970) ~ 4
0 |1 IIIIII| |1 IIIIII| ] IIIIIII| ] I‘I-II)(
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

B 4-27 A3t Bt A b dmd 3 B0 2 R F *;&(Gqu jj%—,@
$2 M % (e=08)

165



30

e=0.814 FC<5% —
2 ..
Dry deposition “m
25T o ©=0.829 FC<5% /
wet tamping /A
S B ¢=0.803 FC=15%(wet) ;s °
£ 00 e c0T98FC30%wen) % 7’
20 A e 0757 FC=50%(wet) ° u /
g* sk — — Seed and Idriss (1970) y, /
3 i“ /
2 /
I o X /
3 /
Z 10~ J /
T ‘o ¢
/
X
5+ w(rx e i
%
7 m.*
Vs /
- .,
0-:—' I"‘_TI III“I ‘IIIIII | | IIIIIII | 1 1 1iitl
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-28 Al itHv 2 it 2 8 0 R ()T B % 2 F2)
(e.=0.8)

166



1
— e ¢,~0.762 FC<5%
— & ¢=0814 FC<5%
0.8 —8— ¢=0.833 FC<5%
—a— ¢=0.939 FC<5%
o
g 06
3
5 04
[al
02
O'.'--u-TTTu-n-u ------ Ll L1l
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-29(a)F FI3tH sz $ R 0 IV HORBRWCRET R 2
R ag % 2 L)

167



1.2
— = ¢=0.829 FC<5%
— e ¢.=0.89 FC<5%
[ —a— ¢=0.961 FC<5%
0.8 —
2
g
3
S
[al
04—
O'.'--u-TTTu-n-u ------ cov ol L1l
0.0001 0.001 0.01 0.1 1

Shear strainy, (%)

Bl 4-20(b)F 3t 100 G208 § 585 0 3 HORR R T R 2
GRM R 0T

168



1.2

o 0
e.=0.814 FP<5%
Dry deposition
i e.=0.829 FC<5%
wet tamping
0 —— ¢.=0.803 FC=15%(wet)
o —0—— ¢.=0.798 FC=30%(wet)
& ——a— ¢.=0.757 FC=50%(wet)
=]
3
5
~
04—
Y Salafinirintwin) ~arster
0.0001 0.001 0.01

Shear strainy, (%)

0.1

B 4-30 ApRatB A Rl g o3V HORRV R T R R 2 )

(e.=0.8)

169

1



1 7
¢  ¢=0.814 MLS FC<5% ! >
- m ¢~=0.803 MLS FC=15% (4 .
]
08 o e.=0.798 MLS FC=30% R
' A ¢=0.757 MLS FC=50% /m
- Vv e,=0.597 Ottawa sand !
o > e,=0.609 Ottawa sand A/
= B ] .
g 00 e,=0.591 Ottawa sand e/ /]
2 i Dobry et al.(1982) .
S |------ Monterey no. 0 sand o
e L (Dr=45~80%) 7/
~ ,olo
I
o
i o [/
v
02 N
o’
/ /
- /. //
o
Oi--u-TTTu-n-*-.T-‘.-‘:w-#"u Ll L 11t
0.0001 0.001 0.01 0.1

Shear strainy, (%)

Bl 3-31 3 MR R AT R % % 1 2 172)(Dobry et al., 1982)

170




v

e,.=0.762 FC<5%

—— ¢=0.814 FC<5%

0.8 > ¢=0.833 FC<5%
07 e,=0.939 FC<5%
— B— ¢=0.803 FC=15%
, 007k — - @ —- ¢=0.798 FC=30%
£ \
O 05F \-\ e,=0.757 FC=50%
O \ N\
© 0.4 AN @3
0.3 -~
0.2 -
0.1 -
. \\ N
0 M I I IR N
0 0.2 0.4 0.6 0.8

Pore pressure ratio

Bl 4-32 94 BBl R g R RES 2R

171




e.=0.814 FC<5% Y =-0.779 * X+ 0.732
e, =0.803 FC=15% Y =-0.569 * X +0.529
e.=0.798 FC=30% Y =-0.508 * X + 0.486
e.=0.757 FC=50% Y =-0.451 * X + 0.428

® H ¢ >

0.8 =5

Geq/ Gmax

0 0.2 0.4 0.6 0.8
Pore pressure ratio

Bl 433 T4 HHGLR B HARRESFE 2V R(T RS~ TPER
5189 0.01%)

172



120000

80000

G, kPa

40000

—— ==—— Marcuson and Wahls (1972) - kolinite
--------- Marcuson and Wahls (1972) - bentonite
————— Kokusho et al. (1982) - alluvial clays

Hardin and Black (1969) - undisturbed clays )
Hardin (1978) - undisturbed clays

- — Athanasopsulos and Richart (1983) - kaolinite
FC<5% e ,=0.762

FC<5% e ,=0.814

FC<5% e, =0.836

FC=15% e,=0.704

FC=15% e, =0.803

FC=30% e ,=0.798

FC=50% e ,=0.757

¢ H AV <> O

Void ratio, e

Bl 4-34 A4 F 4 Hlic (Guax) Z 3V 22 B % (5 »< IR 100kPa)

173



st (L)

(¥ a]
Q::
|_]

_/—ﬁ/ﬂ—# -—”’;2
-
l i;
L ‘
EoGe( Torsional) : I
ce(radial) ! \‘1 I"
! Al
|
Oc ,_,-;? 2 | v
Ence [
|
I

B 4-35 §4 A AERHBEr o hiE%T 42 2w

174



100

(O  Ottawa sand
- @ MLS
k
=
2
5
S o
2
)
)
. 60—
= Co
ol
=S 0
:
O
40 —
I ! I ! I !
40 60 80 100

G,.. (MPa) - Beneder Element Test

B 4-36 P A A ERKE AN T PR G B

175



m B E

44
i
i
¥
%
-nu\

AEFARLFERINVERT RS N E TR R RE

\\\

X R R P e 4 PR E TR EE R R R a £
P2 HEgh Y or o 82 Fakt s £ (FC<5% - FC=
15% ~ FC=30%2 FC=50% )’ i£{7— 47| ehafh i B8° 78

~

TR% T LT At % R TS B R T

[
gy
OJ

MG e Fiept f RN RS TR mH P T L
R TR M BRI

I d 27 gw & LVDTHnE S R R = 35 g @ £ P 0 3E48 5 30

sl
A&
E0
IR
4
9

P TR BT AT RS N T AR T T eh

n

AN

B

_L?W

TR EMAE 2 ER S P T B

2. bt BREFEY Vo R r=10"%% ;SRS ¥ R
FEH 4D 10°%M A P ERERE B REF S L ERE
S BRI MORR Y ARE o RECEcy B PRy
=107%F > L EREAF PR B F ool Y B4R MO AR
dEmE B AR ATl AR BFRGBLF L

g S ATIEI MK R e 0 R R Y R TR E 6

—
o

kAR E TR

i

I

176



3.

FIAFT AT 2 LR A4 Hp ot g Seed and Idriss (1970) #7§F 4 4

2R R A R k] > VA B F R AL

B e i BT MK RGO (5 0 o O REREARI A KR
BEREEE S VA SRR LR E o

ik dode s Bdp e ORFURT  REAL B B4R 1AL
BARF L BT & 3R BRI PR - A fdp et
Tty B 4B PG AR RS e g R

AR PR B % o TR KA VERIER B

5.2 12 3%

l.

R SIEES B TS D) T S SV

SR Ao 2 W PR S S e L ER - B
/ﬁ\;u/ik—g—/?lly-—"‘vr@7 ch ‘ IJJ%_B_g;:o

AL O] RRARS Y 2T 2 hE% i 2 EEN 2
FREARPFFRZRE TP EHRWG ARG PE R Ao 2 S
(BEREIRE ) B FR A REFIZE S T #* R
BBtz kRN L BREIE R o Sk
PRHRGEHTIEAV AT A ApERE T A d T ERIRER
2 IVDT ja45 B 3 43 » e 2 B3 X R 284 L &- 4

SR SR -

177



4.

d 3kl 2 BB P (FC=30%% FC=50%) # % flirit ¥
WRE 2 Z PR TR R AV RPFICHY AR - G
PR g il 7 EE v 1T 4 R WAl RE

i S CES RN

\'N

— FUH sl R 2 B T T R

B R EF IR I 2 € BGE -

178



& > FL
5% < }I?T
Abbiss, C. P. (1981) “Shear Wave Measurement of the Elasticity of Ground,”
Geotechnique, Vol. 31, No. 1, pp. 94-104.

Ackerly, S. K., Hellings, J. E., and Jardine, R. J., 1987, “discussion on ‘A New device
for Measuring Local Axial Strains on Triaxial Specimens’,” Geotechnique, Vol. 37,
No. 3, pp. 413-417

Atkinson, J. K. and Sallfors, G. (1991) “Experimental Determination of Soil
Properties,” Proceedings of the 10™ ECSMFE, Florence 3, pp. 915-956

Barros, J. M. C. (1994) “Factors Affecting Dynamic Properties of Soil.” Ph.D. thesis,
University of Mechigan.

Canales, A. R. (1980) “Measurement Techniques and Test Related Variables in
Resonant Column Testing.” Ph. D. thesis, The University of Texas at Austin, 240p.

Cooke, R. W. and Price, G., 1974, “Horizontal-Inclinometers for the Measurement of
Vertical Displacement in the Soil around Experimental Foundations,” Field

Instrumentation in Geotechnical Engineering, But-terworths, London, pp. 112-125

Dobry, R. and Ladd, R. (1980) Discussionto “Soil Liquefaction and Cyclic Mobility
Evaluation for Level GroundDuring Earthquake,” by H. B. Seed and
“Liquefaction Potential: Science versus-Practice,” by R. B. Peck, Journal of the
Geotechnical Engineering Division, ASCE, Vol. 106, GT. 6, June, pp. 720-724

Dobry, R., Ladd, R. S., Yokel, F. Y., Chung, R. M. and Powell, D. (1982) “Prediction
of Pore Water Pressure Building and Liquefaction of Sand During Earthquake by
the Cyclic Strain Method.” National Bureau of Standards, Building Science 138,
Washington, D. C., April.

Drnevich, V. P. and Richart, F. E., Jr. (1970) “Dynamic Prestraining of Dry Sand,”
Journal of the SMFD, ASCE, 96, SM2, March, pp. 453-469.

Dyvik, R. and Madshus, C. (1985) “Laboratory measurement of Gmax using bender
element.” Proc. ASCE Annual Convention: Advance in the art of testing soils

under cyclic conditions, Detroit.

Edil, T. B. and Luh, G. H. (1978) “Dynamic Modulus and Damping Relationship for
Sands.” Proc. of the ASCE Gectechnical Engineering Division Specialty
Conference on Earthquake Engineering and Soil Dynamic, Pasadena, California,
V. L, pp. 393-409.

179



Erguvanli, A. (1977) “The Influence of Mineralogical Composition on the Damping
Capacity of Cohesive Soils.” Proc. of the Sixth World Conf. on Earthquake
Engineering, N. Delhi, Vol. 111, PP.2394.

Goto, S., Tatsuoka, F., Shibuya, S., Kim, Y.S. and Sato, T., A Simple Gauge for
Local Small Strain Measurement in the Laboratory. Soils and Foundations, 31-1,
1991, pp 169-180.

Hall, J. R., Jr. and Richart, F. E., Jr. (1963) “Dissipation of Elastic Wave Energy in
Granular Soils.” J. Soil Mech. and Found. Div. Proc. ASCE, Vol. 89, No.SM®6,
Nov., pp. 27-56.

Hardin, B. O. (1965) “Dynamic Versus Static Shear Modulus for Dry Sand.”
Materials Research and Standards, ASTM, Vol. 5, No. 5, May, pp. 232-235.

Hardin, B. O. (1965) “The Nature of Damping in Stands.” J. Soil Mech. Found. Div.,
Proc. ASCE, Vol. 91, No. SM1, Jan., pp. 63-97.

Hardin, B. O. and Black, W. L. (1966) “Sand Stiffness Under Various Triaxial
Stresses” J. Soil Mech. Found. Div.;. ASCE, Vol. 92, No. SM2, March, pp. 27-42.

Hardin, B. O. and Black, W. L. (1968) “Vibration-Modulus of Normally Consilidated
Clays” J. Soil Mech. Found. Div.,. ASCE, Vol. 94, No. SM2, Mar., pp. 353-369.

Hardin, B. O. and Black, W. L. (1969) Closure to“Vibration Modulus of Normally
Consolidated Clays” J. Soil Mech. And Found. Div.,. ASCE, Vol. 95, No. SM6, pp.
1531-1537.

Hardin, B. O. and Drnevich, V. P. (1972a) “Shear Modulus and Damping in Soils:
Measurement and Parameter Effects,” J. Soil Mech. Found. Div., ASCE, Vol. 98,
No. SM6, 1972, pp. 603-624.

Hardin, B. O. and Drnevich, V. P. (1972b) “Shear Modulus and Damping in Soils:
Design Equations and Curves.” J. Soil Mech. and Found. Div., ASCE, Vol. 98, No.
SM7, July, pp. 667-692.

Hardin, B. O. and Richart, F. E., Jr. (1963) “Elastic Wave Velocity in Granular Soils.”
Journal of Soil Mechanic and Foundation Engineering Division, ASCE, Vol. 89,
No. SM6, pp. 27-56.

Iwasaki, T. and Tatsuoka, F. (1977) “Effects of Grain Size and Grading on Dynamic
Shear Moduli of Sands.” Soils and Foundations, JSSMFE, Vol. 17, No. 3, pp.
19-35.

180



Iwasaki, T., Tasuoka, F. and Takagi, Y. (1978) “Shear Modulus of Sands under Cyclic
Torsional Shear Loading.” Soil and Foundations, JSSMFE, Vol. 18, No. 1, pp.
39-56.

Jardine. R. J., Symes, M. J., and Burland, J. B., 1984, “the Measurement of Soil
Stiffness in the Triaxial Apparatus,” Geotechnique, Vol. 34, No. 3, pp. 323-340.

Jardine. R. J., Fourie, A., Maswoswe, J., and Burlabd, J. B., 1985a, “Field abd
Laboratory Measurements of soil Siffness,” Proceedings, 11™ International
Conference on Soil Mechanics and Foundation Engineering, San Francisco, Vol. 2,
Balkema, Rotterdam, pp. 511-514.

Jardine. R. J., Brooks, N. J., and Smith, P.R., 1985b, “The Use of Electrolevel
Transducers for Strain Measurements in Triaxial Tests On Weak Rock,”
International Journal of Rock Mechanics, Mineral Science, and Geomechanics
Abstracts Vol. 22, No. 5, pp. 331-337.

Kuwano, R and Jardine, R. J. (2002) “On the applicability of cross-anisotropic
elasticity to granular materials at very small strains“Geotechnique, Vol. 52, No.
10, pp.727-749

Khouri, N. Q. (1984) “Dynamic-Properties of Soils.” Master Thesis, Department of

Civil Engineering, Syracuse-University.

Kim, T. C. and Novak, M. (1981) “Dynamic Properties of Some Cohesive Soils of
Ontario”, Canadian Geotechn. Journal, 18, pp. 371-389.

Kokusho, T., (1980) "Cyclic Triaxial Test of Dynamic Soil Properties for Wide Strain
Range," Soils and Foundations, Vol.20, No.2, pp.45-60.

Kokusho, T., Yoshida, Y. and Esashi, Y. (1982) “Dynamic Properties of Soft Clay For
Wide Strain Range.” Soil and Foundations, Vol. 22, No. 4, pp. 1-18.

Luna, R. and Jadi, H. (2000) “Determination of Dynamic Soil Properties Using
Geophysical Methods”, Geophysics 2000, St. Louis, Missouri, December 15,
2000.

Nguyen HongNam, Takeshi Sato and Junichi Koseki, (2001) “Development of
Triangular Pin-typed LDTs for Hollow Cylindrical Specimen” University of Tokyo

Park, T. K. and Silver, M. L. (1975) “Dynamic Triaxial and Simple Shear Behavior of
Sand.” J. Geotechn. Eng. Div., Proc. ASCE, Vol. 101, No. GT6, pp. 513-529.

Pyke, R. M. (1973) “Settlement and Liquefaction of Sand under Multi-Directional

181



Loading,” Ph.D. Dissertation, University of California, Berkeley.

Richart, F. E., Jr. (1977) “Dynamic Stress-Strain Relationships for Soils.” Chap. 1 of
“Soil Dynamics and Its Application to Foundation Engineering.” by Y. Koshimi, F.
E. Richart, Jr., S. Prakash, D. D. Barkan and A. Ilyichev, Proc. 9'" Int. Conf. Soil
Mech. Found. Eng. (Tokio), Vol. 2, pp. 605-612.

Saxena, S. K. and Reddy, K. R. (1989) “Dynamic Moduli and Damping Ration for
Monterey No.0 Sand By Resonant Column Tests.” Soil and Foundations, JSSMFE,
Vol. 29, No. 2, June, pp. 37-51.

Scholey, G. K. Frost, J. D.,Lo Presti, D. F., and Jamiolkowski, M., “A Review of
Instrumentation for Measuring Small Strains During Triaxial Testing of Soil
Specimens,”Geotechnical Testing Jounal, GTJODJ, Vol. 18, No. 2,June 1995, PP.
137-156.

Seed, H. B. and Idriss, I. M. (1970) “Soil Moduli and damping factors for dynamic
response analyses.” Report No. EERC 70-10, Earthquake Engineering Research

Center, University of California.

Seed, H. B., Wong, R. T., Idriss,.I. M. and Tokimatsu, K. (1986) “Moduli and
Damping Factor for Dynamic Analysis of Cohesionless Soils.” J. Geotechn. Eng.
Div., ASCE, Vol. 112, No. 11, November, pp. 1016-1032.

Sherif, M. A. and Ishibashi, I. (1976) “Dynamic-Shear Moduli for Dry Sands.” J.
Geotechn. Eng. Div., ASCE, Vol. 102, No. GT11, Nov., pp. 1171-1184.

Sherif, M. A., Ishibashi, I. and Gaddah, A. H. (1977) “Damping Ratio of Dry Sands.”
J. Geotechn. Eng. Div., ASCE, Vol. 103, No. GT7, July, pp. 743-756.

Shibata, T. and Soelarno, D.S. (1975) “Stress Strain Characteristic of Sand Under
Cyclic Loading.” Proc. Japanese Society of Civ. Engrg., 239, pp.57-65.

Shirley, D. J. (1978) “An Improved Shear Wave Transducer,” Journal of the
Acoustical Society of American, 63(5) May, pp. 1643-1645.

Silver, M. L. and Park, T. K. (1975) “Testing Procedure Effects on Dynamic Soil
Behavior.” Journal of Geotechnical Engineering Division, ASCE, Vol. 101, No.
GT10, October, pp. 1061-1083.

Silver, M. L. and Seed, H. B. (1971) “Deformation Characteristic of Sand Under
Cyclic Loading.” J. Soil Mech. Found. Div., Proc. ASCE, Vol. 97, No.SM8,
August, pp. 1081-1098.

182



Tastsuoka, F., Iwasaki, T. and Takagi, Y. (1978) “Hysteretic Damping of Sands Under
Cyclic Loading and Its Relation to Shear Moduli.” Soils and Foundations,
JSSMFE, Vol. 18, No. 2, June, pp. 23-40.

Tastsuoka, F., 1988, “Some Recent Developments in Triaxial Testing Systens for
Cohesionless Soils,” Advanced Triaxial Testing of Soil and Rock, ASTM STP 977,
R. T. Donaghe, R. C. Chaney, and M. L. Silver, Eds., American Society For
Testing and Materials, Philadelphia, pp. 7-67.

Tastsuoka, F., Shibuya, S., Goto, S., Sato, T., and Kong, X. J., 1990, “Discussion on
‘The Use of Hall Effect Semiconductors in Geotechnical Instrumentation,’”
Geotechnical Testing Journal, GTODJ, Vol. 13, No. 1, pp. 63-67.

Viggiani, G. and Atkinson, J. H. (1995) “Interpretation of bender element tests.”
Geotechnique, Vol. 45, No.1, pp.149-154.

Viggiani, G. and Atkinson, J. H. (1995) “Stiffness of Fine-Grained soil at Very Small
Strain.” Geotechnique, Vol. 45, No.2, pp.249-265.

Vucetic, M. and Dobry, R. (1991) “Effect of SeilPlasticity on Cyclic Response.”.
Journal of Geotechnical Engineering Division, ASCE, 117(1); pp. 89-107.

Woods, R. D. (1977) “Parameters affecting elastic properties.” Dynamic method on
Soil and Rock Mechanics, Vol. 1, Katlsruhe; Germany, 37-60.

Yamashita, J., Majima, M. and Nagataki, Y. (1984) “Dynamic Properties of
Saturatured Sand Under Cyclic Loading Conditions (Modeling os Shear Stress —
Strain Relations) VIII World Conference on Earthquake Engineering, San
Francisco, Vol. 111, pp. 79-86.

[ 4

FEPE(2002)0 7 ity ERE L w03 RREREE R
ALALE ALY 0 161p.

SEREE

H#F e (2003) "R 2 wE) ] BRDPRZPE R2d < F1iaR

% AL o

183



