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Abstract

During the past 40 years, extensive laboratory studies on undrained
stress-strain behavior and liquefaction resistance of clean sands have been
performed. Natural sands often contain various amounts of fines and are
expected to have different behavior. This'research concentrated on Mai
Liao Sand(MLS), which is-atypical silty sand found in Central Western
Taiwan. MLS is relatively -comptessible. and has less tendency to dilate
when sheared.

A series of cyclic triaxial tests have been performed on MLS with
different fines content in this research. A triaxial cell equipped with
bender elements was used to measure cyclic strength and shear wave
velocities of the specimen. The thesis describes the background of the
research, objectives, and it’s approach. The test results were analyzed and

the influence of fines contents on MLS were discussed.

Keywords silty sand, fines, cyclic strength, bender element
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1.1

clean sand

nonplastic Silt

D, relative density e global void ratio
Shen et al.;21977 Troncoso and Verdugo,
1985 Kuerbis et al., 1988 1 Thevanayagam- et al., 2000 Polito et al.,

2001

skeleton void ratio e,

Mai

Liao Sand, MLS



CRR



1.2

CPT

MLS

e

CRR JcIN VS

1-1
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CPT




2.1

liquefaction Terzaghi 1925

1920  Hazen
2.1.1
1978 ASCE
liquefaction initial liquefaction
1.



2.1.2

Ishihara 1985

2-1b

2.1.3
Seed 1979

cyclic mobility

2-1a

liquefaction

2

Ic



2.14
SPT standard
penetration test CPT cone penetration test Vi

shear-wave velocity measurements

SPT

2-1 2-1

CPT Vi

2.2



2.2.1 e—logp

e—log p’ Terzaghi
§ p’
e
p' (0'1 + 20, )/3 q (01' —03’) e
2.2.2
Roscoe et al. 1958 critical state
20%
Cs logp

critical state line CSL
Castro 1969

steady state

€s logp

steady state line SSL  Poulos 1981



Been et al. 1985

CSL  SSL
2.2.3
Been and Jefferies 1985 | state parameter
2-2
€  €s  Cs
V=€ Css CSL  SSL
v



2.3

Seed and Lee 1966

cyclic triaxial

compression device

2.3.1

Seed and Lee 1966

peak-to-peak

10



1. DA axial strain double amplitude or peak-to-peak

DA
axial strain DA axial strain 5% 10%
2. N, load cycles
N=1
Yoshimi and Oh-oka 1975
Hardin and Richart:. 1963
25Hz
3. pore water pressureratio Au/ O'C,
Au/o, 1 Au o,
Au/ GC, 1 DA axial strain
10%
4. cyclic stress ratio o, / 206'
oy Oy —03=0y4
ac' Finn 1971 initial effective stress
ratio cyclic resistance ratio

CRR o, o CRR

11



2.3.2

Dr e

2. Seed 1971 150~800kPa

Castro 1977 Seed

1983 233

3. Seed 1976

0.7mm  0.08mm

12



6. fines content FC

24

233

Seed and Idriss 1971 Castro and Poulos 1977

Mulilis etal. 1975

Seed 1983 K,
o.  CRR o, =100kPa  CRR Seed
and Harder 1990 Fraser River Sand Tailings Sand  Ottawa Sand
K 2-3

2.4

Seed et al., 1983 Seed,

13



1987 Seed and Harder, 1990

e global void ratio

2-2

24.1

D/d

D/d
reinforcement Thevanayagam 1998

D/d 6.5

14



2000

(a)

(b)

PI

PI

Flush

non-plastic

20%~30%

20%

U

15

Thevanayagam
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(c) €o

e flush

e global void ratio e, skeleton void ratio ey
intergranular void ratio Vi Polito

et al. 2001 e €

2.4.2
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Thevanayagam

1998

Ry D/

2-4

Ry

separator

force chain 2-5
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reinforcing elements

2-6

243

Ishihara 1993 50%

18



2. ¢ global void ratio

1988 Vaid 1994

Polito <1999

€s :Vvs /Vs

Thevanayagam et al.

Shen

19

et al. 1997

Skeleton void ratio

skeleton void ratio

2-1

2000

Kuerbis et al.

(2-1)



intergranular void ratio 2-2

ey - (e+ FC)(1 o) (2-2)

e = global void ratio

FC=
4. €gqeq  €quivalent intergranular void ratio
Thevanayagam 1998 Cqt'eqf
€q'eq Ot b Thevanayagam
ea'aq 2'3
_le+(1-Db)FC )
Coteq = 1-(1-b)FC] (2-3)
e = global void ratio
FC =
b = 0 1
Cgeq
Eféqr 2-4
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e = (2-4)

m = 0 1
Ry =
5. V4 volume decrease potential Ishihara and
Watanabe 1976 Vyq
2-5
Vg =e— €y, (2-5)
e =
Cmin =

emax

21



2.5

2.5.1
Ishihara 1993 Tatsuoka et al.
1986
1. dry deposition air pluviation
10~20kPa
Flush Flush
2. wet tamping wet vibration

8%

22



3.
vibration
20min~24hr
2-3
2.5.2

flush

water sedimentation

23

flush

water



Tatsuoka et al. 1986

Amini et al. 2000

Yamamuro 2003

20%

2.6 CPT
Robertson and Campanella 1985
SPT
e e
normalized el
Shibata and Teparaksa 1988

CPT

24

Ishihara 1993

uniform layered

Nevada Sand

Seed and De Alba 1986

D5y CPT

0'\,0':1 kg/em® =100 kPa

125

D50 0.25mm



0.25mm
Stark and Olson 1995 180
CPT Seed and Idriss 1971
simplified seismic shear-stress ratio
FC<5 45
Dsg cleansand 0.25 D5, mm 2 FC 5
silty sand 0.1 Ds, mm 025 5 FC 35
silty sand to sandy silt D5, mm 0.1 FC

35 2-7

Robeértson and Campanella 1985

Seed and De Alba 1986 SPT e CPT
Je Shibata and Teparaksa 1988 Ds
Stark and Olson
180 CPT q. D5
2-7 JeIN
2-7

Finnetal. 1971 Seed and Peacook 1971 Castro 1975

CRR CRR 2-6

25



(CRR) figg = 0.9C; (CRR)eg (2-6)

G
ko=0.4 ko=1.0
Finn et al. (1971) 0.7 1.0
Seed and Peacook (1971) 0.55~0.72 1.0
Castro (1975) 0.69 1.15
Castro C..=1.15 (CRR)fiela  (CRR)est
1.035 1 (CRR )t
2.7
University of Texas at Austin shear plate

Shirley, 1978
bender

element

26




2-8

2-9

Dyvik and Madshus (1985)

poling

Viggiani and Atkinson (1995)

27



10 10

10

near field

effect

Sanches-Salinero et al. '

d df
= — = — 2'7
N=7 V,

28



compression wave

R, 2-10 R=1.1 R,=8.1

2-11 0 1

(1981)

29

Abbiss



Dyvik and Madshus (1985)

Dyvik and Madshus 19835
5~100Hz Viggiani and Atkinson 1995
1kHz~10kHz
Tokimatsu and Uchida 1990 Kayenetal. 1992  Robertson et
al. 1992 Lodge 1994 Andrus and Stokoe 1997 Andrus and Stokoe
2000 V~CRR

2-12
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2-1

Youd et al., 2001

SPT

CPT

Vs
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2-2

Chang(1990), Chameau and Sutterer (1994),
Vaid(1994), Koester(1994), Singh(1994), Finn

FC et al.(1994), Zlatovic and Ishihara(1997), Lade
and Yamamuro(1997)
Chang et al.(1982), Dezfulian(1982), Amini and
FC Qi(2000)
FC

FC

Law and  Ling(1992), Koester(1994),
Thevanayagam(1998), = Thevanayagam et

al.(2000), Polito et al.(2001)
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Dead Load

Flush
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nE

Ishihara, 1985
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Void Ratio , e

(¢]

w
[72]
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ASS

SSL

2-2

Log,p'

Been and Jefferies, 1985
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1.25

1.00
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Thevanayagam, 1998

2-4

p

N
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Thevanayagam, 1998
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Cyclic stress or resistance ratio, CSR or CRR

0.6

0.5

0.4

0.3

0.2

0.1

FC=35% FC=15%  FC<5%
M=7.5
Stark and Olson(1995)
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Cyclic Stress or Resistance Ratio, CSR or CRR

0.6 | I T ’ ’ T
e B\
*Curve adjusted using scaling | M = 7.5
factor of 1.19 for magnitude l W
7 earthquakes I
—| **Approximate curve for clean ,I I —
sand & 15 cycles of loading, | /
assuming emin = 0.65, i Lodge
- - 1994)*
. K0=05,1.=09 ) r / (1994)
/
0.4 i
Tokimatsu & ~ "Best fit" !
Uchida (1990)** |
Lower Andrus &
— Liquefaction bound ; | sltglg;e -
Andrus & Stokoe ( )
(2000)
0.2 '//'/ A
Roberston et al. Keggg 2e)t *al.
(1992) —
No
iquefaction
0 1—4/"'"'/ ! !

0 100 200 300
Overburden Stress=Corrected Shear Wave
Velocity, Vg, m/s

2-12 V,-CRR Andrus and Stokoe, 2000
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3.1

CRR qun CRR

3.2

S5cm

10cm

43

1997 2000

qclN

state parameter

10 kg/em®

CPT

2002

v



kg/cm®

PCL816 A/D

10cm

bender element

element

0.1 kg/cm®

PCL816

5cm

piezoelectric ceramic

14.5x12x1mm bender

1/3 3mm

SEIKEN DTC-161

pneumatic sine loading unit

44



3.3

34

3.4.1

MLS

15%

<5% 15% 30%

200 0.074mm

45



200

200
3.4.2
343
SkPa
10~15

5%

200

CO,

10~15

deaired water

46

10~20kPa

5%

flush



back pressure

3.4.4

B 0.95

3.4.5

6~10kHz

B-check

47

5~10

10



3.4.6

1kPa

0.1Hz

48



3-2



3-4

50
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WEG TERUM B0

3-6
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4.1

4.2

4.2.1

0.074mm

1997

1997

2000

52

FC=15%

PI

200

2002



silty sand

ASTM
2.69 FC<5%
SM  SP 4-2
sub-angular platy
quartz
chlorite
4-1 MLS .+ Quiou
Ticino TS
4-3
Cmax  Cmin
Tavenas and La Rochelle, 1972
MLS QuS  e€max  ©€mn QS TS
€max  €mn  QuUS

4.2.2

53

2.61
USCS
X
muscovite
QuS  Toyoura
4-2
MLS

4-1

QS

QuS



1997 FC <5%

4-4 C. 029

3%

2002

4.5 FC<5%
FC=15% 30% 50% 70%

30% 50%

Flush

54



4.3

1997

1997

4-3

2002

0.01

4-4 4-5

LL=31.1%

8% 8.8%

2002 2003
FC<5%
2002
Gs=2.63 2003
PL =22.3%
PI 8.8%

55

Gg=2.635

Gs=2.64



4-1 MLS  Quiou QuS  Toyura QS
Ticino TS
Almeida et al.,1991 Fioravanteet al., 1991 Borden, 1991
Quiou Toyura Ticino
MLS QuS QS TS
(muscovite) (silica)
(CaCO0,) (feldspar)
t
(chlorite) (quartz) (quartz) (quartz)
(quartz)
Dso, 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
, % 15 4~20 0 0
2.69 2.71 2.64 2.69

(sub-angular)

(sub-angular)

(sub-angular)

(sub-angular)

(platy) (angular)
€max 1.058 1.281 0.977 0.931
€min 0.589 0.831 0.605 0.579
Dt 31.6° - - -

56




4-2 , 1997
% kN/m’ kKN/m’
0 15.559 12.047 1.123 0.644 2.61
6.3 16.128 12.106 1.169 0.628 2.68
15 16.608 12.822 1.056 0.587 2.69
20 16.353 12.547 1.085 0.600 2.67
22.5 16.412 12.243 1.121 0.582 2.65
30 16.480 11.968 1.211 0.606 2.70
40 16.883 11.772 1.256 0.573 2.71
50 17.001 11.517 1.306 0.562 2.71
60 15.490 9.457 1.808 0.715
80 14.587 8.554 2.105 0.823

57




4-3

g 25.5 22.8 31.67 56.04
g 335.88 | 153.24 | 15649 | 670.22
.2 351.67 | 167.43 | 176.18 | 704.89
g 86.8 54.17 56.88 | 171.99
Gs 2.626 | 2.648 2.643 2.622
2.635
4-4
1 2 3 4 5
19 24 26 28 22
g 1,57 | 159 | 132 | 131 | 128
+ g 709 | 951 | 581 | 10.98 | 8.47
+ g 575 | 7.62 | 475 | 871 | 6.74
, % 32.06 | 31.34 | 30.90 | 30.68 | 31.68
LL, % 31.1

58




4-5

1 2 3 4 5
, g 1.28 1.29 1.59 1.6 1.6
+ , g 2.34 2.08 2.71 2.79 291
, g 2.14 1.94 2.5 2.59 2.67
, % 23.25 | 21.53 | 23.08 21.1 22.43
PL, % 22.3

59




Percent finer, %

100 5=

90 —

80 —

70 —

60 —

50

40 —

30

20

10 —

OIIIIII

—<—— Hydrometer test

——&—— Sieve analysis

1.000

0.100 0.010
Sieve opening, mm

, 1997

60

0.001



4-2 , 2002
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2.5

<
2_ o emax
B + emin 0
° 15
2
St o °
=T 9 o
SO ¢
+
+ +
ot o
0.5
ol | 7 4 I
0 20 40 60 80 100
FC, %
43 , 2000
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Void ratio , e

1.0

MLS
n ! Tnitial Dr=24 %
0o Q /N TInitial Dr =38 %
' O Initial Dr=62 %
B Quartz sand
L
0.8 00se
o — = = = Medium
0 Yamamuro et al. ( 1996 )
0.7
0.6 —
| R B A
0.5
Condl S vl vl vl
10 100 1000 10000 100000
log p' kPa
4-4 FC <5% , 1997
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1.40

L FC=0% C FC=15%

C D, % C D, %
1.20- ——30 C ——30

F € x —e— 50 - —e—350

C ——170 L —€u —%—170
1.00 - ,\‘\‘\‘\N —e— 85 C ——285
0.80F e = %:M&w

C T, C W

::emin :
0.60 - C—Cmin oo ,,
0.40- 1 1 IIIIIII 1 1 IIIIIII 1 111111l i 1 1 IIIIIII 1 1 IIIIIII 1 1111l
1.40

i FC=30% :=-e FC=50%

¥ D, % ™ Do, %
1.20 ?=elnax —e— 350 N —e— 50

C —x— 70 N 70
1.00 - -
0.80 G\H\S\S\S -
0.60 1 —e,,, ‘ e o %
0.40- 1 1 IIIIIII 1 1 IIIIIII 1 ‘I L1111l S C n IIIIIII 1 1 lllllll 1 L1l

1 10 100 = 1000 1 10 100 1000

(¢'+26')/3,kPa = ; — ‘ (' +25',)/3, kPa
4-5 , 2002
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Percent finer , %

100

60 —

40

—<&—— Chang (1997)
——2A— Tsai_,+(2002)

—O6— Kud _ (2004)

OIIIIIII ] |IIIIIII ]

10

N
703
X

Sieve opening, mm
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5.1

5.1.1
2002
e
e—logp
5.1.2
Au= GC,
peak-to-peak 10%
FC<5%
50% CRR
5-1
bender element test Ottawa
V, 5-2
e=0.71 Hardin and Richart 1963

66



1
Vs = (159 - 53.5e)aCA 5-1
% = %tz
v, - ft/
S€C

e=0.71 Vg =246.5m/sec 5-2 Vs =234791
5%
1kg/cm®
FC<5% FC=15% FC=30%

CRR Ne CRR

JeiN CRR Vs

5.2

5.2.1

5-3
MT WS DD
5-1 5-2 53

5-4 5-5 7.5 N=15

67



CRR
5.2.2
FC<5% FC=15% FC=30%
CRR N,
CRR N,
e=0.8 0.76  0.73
e global void ratio
5-7 Vi
N,
FC=15% FC=15%
FC=30% FC=50%
FC=15% FC=30%

25%

68

100kPa

FC=30%
5-6
CRR
CRR
FC<5%
FC=30%



5.2.3 CRR
2002
5-8 CRR
CRR
CRR
CRR
524
WT
5.2.5 MLS
Lee and Seed 1967

state parameter v

69

DD

5-9

R® 0.81
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e 5-11

5-15 5-4 Hardin and
Richart 1963 52 53 5-4
1 0.184
for FC<5% Vg =(159-110.75¢)o, (5-2)
1 0.162
for FC=15% Vg =(159 —117.74e)o, (5-3)
1 0.105
for FC=30% Vg =(159 -105.21€)o, (5-4)
Vg = m/sec
o, = kPa 25~200kPa

0.974 0.983 0.939

Hardin and Richart 1963

Ottawa
Ottawa
5-11 5-12 5-13  5-14 100kPa
e eS' e = %_ EC 2002 ey Intergranular void ratio
V4 Vs
e Vy V FC=15%
FC=30% A\ FC=15%
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5.2.6 MLS

5-16

200kPa

200kPa

5-16(b)K . =0.42

Sand

1977

FC=15%

FC=15% K

o

100  200kPa
100kPa
2002
100kPa

5-16(a) K_ =0.5

o

Seed and. Harder 1990 Ottawa

200kPa  K-=0.75 Castro and Poulos
€CRR
2002

FC<5% FC=15%

CRR

71



5277 MLS CRR Vi Qen
5-17 CRR Vi

Youd and Idriss 1997

CRR=0.4 FC=0 15% 172.6

165.8 m/sec Youd and Idriss 1997 FC 5% FC=20%

207.35 199.7 m/sec Youd 88.9%
Youd
CRR
(2003)
CPT 94
qc O'\(/ Cl O-i’1 C2 (5_5)
quN:T:COX 51 *lp xexp[C3><eC]
a2 a a
deiN
de = MPa

o, = kPa
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o, = kPa

e =
P, =100kPa as o, kPa
P, =0.1 MPa as qc MPa
Co C C G= 5-5
JeIN CRR CRR  qun
5-18
5-17  5-18 2002 200kPa
. =100kPa
5-2 5-3 54 5-5 Vsl JdciN

Youd and Idriss 1997 Stark and Olson 1995
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5-1

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2003/05/03 5-3 <5 WT 100 0.2100 18 0.873 153.489
2003/05/06 5-6 <5 WT 100 0.2020 38 0.875 152.345
2003/05/19 5-19 <5 WT 100 0.2270 8 0.879 153.489
2003/06/28 6-28 <5 WT 100 0.4038 60 0.783 176.679
2003/07/04 7-4 <5 WT 100 0.4518 14 0.802 175.799
2003/07/05 7-5 <5 WT 100 0.4647 8 0.801 176.211
2003/11/14 11-14 <5 WT 100 0.5168 8 0.763 174.151
2003/11/21 11-21 <5 WT 100 0.4876 32 0.762 180.143
2003/11/24 11-24 <5 WT 100 0.5115 13 0.762 178.011
2003/07/22 7-22 <5 WT 100 0.5356 15 0.723 183.388
2003/07/28 7-28 <5 WT 100 0.5722 9 0.724 184.669
2003/08/01 8-1 <5 WT 100 0.4971 27 0.726 182.515
2003/09/05 9-5 <5 WT 100 0.4595 45 0.723 180.740
2003/06/06 6-6 15 WT 100 0.2986 22 0.797 157.239
2003/06/08 6-8 15 WT 100 0.3549 12 0.799 158.103
2003/06/17 6-17 15 WT 100 0.2511 138 0.807 160.800
2003/06/27 6-27 15 WT 100 0.3169 20 0.796 156.507
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5-1

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2003/09/08 9-8 15 WT 100 0.3368 37 0.755 166.869
2003/09/16 9-16 15 WT 100 0.3651 18 0.760 162.813
2003/09/20 9-20 15 WT 100 0.3806 7 0.760 163.977
2003/09/23 9-23 15 WT 100 0.3193 76 0.758 165.179
2003/07/09 7-9 15 WT 100 0.4899 8 0.728 167.993
2003/07/15 7-15 15 WT 100 0.4388 18 0.723 163.330
2003/07/16 7-16 15 WT 100 0.4202 26 0.727 169.854
2003/09/02 9-2 15 WT 100 0.3918 41 0.729 168.821
2003/09/03 9-3 15 WT 100 0.3555 59 0.722 168.914
2003/05/28 5-28 30 WT 100 0.2487 5 0.802 138.280
2003/05/29 5-29 30 WT 100 0.2264 6 0.809 135.376
2003/06/01 6-1 30 WT 100 0.1415 25 0.805 137.720
2003/06/02 6-2 30 WT 100 0.1590 13 0.801 138.698
2003/10/11 10-11 30 WT 100 0.1997 7 0.762 147.084
2003/10/22 10-22 30 WT 100 0.1808 12 0.761 144.384
2003/10/24 10-24 30 WT 100 0.1538 33 0.761 145.576
2003/08/12 8-12 30 WT 100 0.2453 7 0.732 149.701
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5-1

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2003/08/14 8-14 30 WT 100 0.2263 13 0.732 150.525
2003/08/15 8-15 30 WT 100 0.1958 33 0.733 150.658
2003/08/16 8-16 30 WT 100 0.1607 225 0.732 150.732
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5-2

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2004/03/12 3-12' <5 WS 100 0.2220 33 0.859 157.674
2004/03/14 3-14' <5 WS 100 0.2349 22 0.861 157.905
2004/03/15 3-15' <5 WS 100 0.2686 12 0.857 158.103
2004/02/27 2-27 <5 WS 100 0.3271 10 0.805 161.925
2004/03/10 3-10' <5 WS 100 0.2925 18 0.806 162.485
2004/03/10 | 3-10'-2 <5 WS 100 0.2737 28 0.803 161.829
2004/03/16 3-16' <5 WS 100 0.3789 7 0.757 169.672
2004/03/28 3-28' <5 WS 100 0.3363 16 0.754 170.139
2004/03/29 3-29' <5 WS 100 0.3133 29 0.758 169.874
2004/04/13 4-13' 15 WS 100 0.2349 13 0.768 147.315
2004/04/14 4-14' 15 WS 100 0.2004 40 0.764 147.361
2004/04/16 4-16' 15 WS 100 0.2220 21 0.763 147.957
2004/03/30 3-30 15 WS 100 0.2694 16 0.749 151.609
2004/04/05 4-5' 15 WS 100 0.2324 40 0.747 151.117
2004/04/06 4-6' 15 WS 100 0.3133 7 0.747 151.893
2004/04/08 4-8' 15 WS 100 0.3521 5 0.706 154.467
2004/04/11 4-11" 15 WS 100 0.2755 25 0.706 153.971
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5-2

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2004/04/12 4-12' 15 WS 100 0.2994 15 0.706 154.101
2003/10/19 10-19 30 WS 100 0.1530 5 0.758 133.342
2003/10/28 10-28 30 WS 100 0.1320 18 0.763 135.626
2003/11/11 11-11 30 WS 100 0.1157 29 0.762 133.852
2004/02/11 2-11" 30 WS 100 0.1767 10 0.723 135.368
2004/02/12 2-12' 30 WS 100 0.1586 20 0.726 135.937
2004/02/13 2-13' 30 WS 100 0.1480 41 0.727 134.937
2004/04/17 4-17' 30 WS 100 0.1916 17 0.676 136.766
2004/04/19 4-19' 30 WS 100 0.2118 9 0.675 137.956
2004/04/21 4-21' 30 WS 100 0.1800 33 0.674 137.579

ok

CD

78




5-3

Date File name* FC, % o '.(kPa) CRR N, gt* Vs (m/sec)
2003/11/26 11-26 <5 DD 100 0.3340 14 0.811 166.752
2003/11/27 11-27 <5 DD 100 0.3098 24 0.833 165.031
2003/12/01 12-1 15 DD 100 0.2547 5 0.777 146.197
2003/12/02 12-2 15 DD 100 0.2109 13 0.794 145.638
2003/12/03 12-3 15 DD 100 0.1958 26 0.785 145.803
2003/12/04 12-4 15 DD 100 0.3271 8 0.715 157.419
2003/12/05 12-5 15 DD 100 0.2925 16 0.721 154.383
2003/12/08 12-8 15 DD 100 0.2822 27 0.724 157.983
2003/12/16 12-16 30 DD 100 0.1653 7 0.727 125.232
2004/01/06 1-6' 30 DD 100 0.1227 44 0.722 124.969
2004/01/07 1-7' 30 DD 100 0.1463 12 0.728 124.688
2003/10/21 10-21 30 DD 100 0.1917 6 0.692 140.560
2003/11/13 11-13 30 DD 100 0.1609 27 0.708 141.840
2003/11/19 11-19 30 DD 100 0.1736 9 0.722 *oAx
2004/01/09 1-9' 30 DD 100 0.1739 15 0.677 131.194
2004/01/10 1-10' 30 DD 100 0.1532 33 0.677 127.632
2004/02/03 2-3' 50 DD 100 0.1201 13 0.684 122.901
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5-3

Date

File name*

FC, % o '.(kPa) CRR N, e** Vs (m/sec)
2004/02/05 2-5' 50 DD 100 0.1033 47 0.671 120.409
2004/02/06 2-6' 50 DD 100 0.1635 8 0.629 127.677
2004/02/09 2-9' 50 DD 100 0.1340 32 0.630 127.267
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5-4

FC, % O'(’:, kPa e V,, m/sec
<5 WS 25 0.817333 119.86
<5 WS 50 0.812333 138.049
<5 WS 100 0.805167 160.76
<5 WS 200 0.802167 189.101
<5 WS 100 0.7564 169.895
<5 WS 100 0.8044 162.157
<5 WS 100 0.8592 157.894
15 WS 25 0.7595 113.05
15 WS 50 0.753167 133.76
15 WS 100 0.746833 152.04
15 WS 200 0.7375 169.7
15 WS 100 0.7060 154.180
15 WS 100 0.7477 151.540
15 WS 100 0.7649 147.544
30 WS 25 0.743167 107.35
30 WS 50 0.7345 125.8
30 WS 100 0.725667 135.414
30 WS 200 0.705167 147.83
30 WS 100 0.6752 137.434
30 WS 100 0.7256 135.414
30 WS 100 0.7608 134.273
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5-5

(o) Co Ci G, G
0 383 0.03 0.42 -2.02
15 236 0.23 0.44 -1.63
30 26 0.02 0.77 -1.04
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Volt
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Date:2003/6/28
Sand:Ottawa
Frequency:7kHz

c.=100kPa
Vs=234.79 m/sec

0.001 0:002 0.003
Time , sec
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date:2003/8/15 CRR=0.196
No:Dr76 FC30 N=33
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