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Preparation of reconstituted silty sand samples
using wet spary method
Student: Yu-Jie Huang Advisor: Dr. An-Bin Huang
Department of Civil Engineering

National Chiao Tung University

Abstract

Fundamental investigations of soil behaviour going is based on the test
results of reconstituted specimens. Though reconstituted specimens,many soil
behaviour models have been build up. On the other hand, by autoptic insitu
testing such as SPT/CPT/shear wave velocity:measurement, empiricism
linking insitu behaviour and cyclic resi stence wete found. Numerous studies
have shown that differences in stress-strain-strength, behaviour between
undisturbed and reconsitituted sand ;specimensmay be dramatic. Soil behaviuor
is highly dependent upon.soil fabric produced by.different reconsitituted method.
It's been reported that water pluviation method s mulates the deposition of sand
through water found in natural jlenviroments and have similar fabric and
behavior.Series |abortory testsinclude-menetenic and cyclic triaxial test and
CPT calibration tests of Mai 'l.aio Sand'were performed at NCTU. Most of it
were prepared by moist tamping and pluviation. Where natural silty sands found
in central westen taiwan like Mai-Laio Sand are often associated with aluvial
deposits. Base on experience, in‘order to'represent aluvia enviroments, silty
sand specimens should be reconstituted by water pluviation or slurry deposition
method.But for calibretion chamber speciments which substantially larger than
those for typical triaxial tests these methods show less preparation efficiency and
uniformity.lt is bounden to find a method for reconstituting large specimens
streamlined and aso give same responce as the alluvia sand.

Own developed wet spray method using air jet pluviation with moisten
both sands and fines attempt to handling and minimization of soil particle
segregation in silty sand specimens. Compared with preceding mention
reconstituted methods, wet spray method has advantage of preparation
efficiency and equipment that used. Through monotonic and cyclic triaxial test,
wet spray specimen show similar behavior to water pluviation specimen
simulates well the soil fabric found in aluvial enviroments.Grain size analysis
of reconsitituted specimen also shown well uniformity of fines content both for
vertical and horizontal directions.Wet spray method do overcome some inherent
problems of reconstitutied silty specimen, yet loose to dense control of



specimen's void ratio can not be reproduced perfectlly. Little is known as to how
the preparation method can affect the results of CPT in areconstituted silty sand
specimen.Wet spray method can be easily modify to create homogeneous
samples for fundamental studies of CPT calibretion.
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2.3.1 Moist Tamping (MT) & 2

P -
¢ drk % anp gl sk RMORBE A Rt ;o k + 7 (Lambe,
1951)
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2.3.4 Slurry Deposition (' SB.)-% iﬁimﬁié
50 fEAE BT S 2 TR Aokt 4 E o0f® 42 Kuerbisand
Vaid (1988) 2 7 SDiz o i BT L ¥ B pi/ikd & mpd
AT E AT - mfa% M 8 Hk ch R & E Y IR o TR 20 A 4R 1S
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fEhles w e BRI A 0 IR A ek e r R A
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2.3.5Slurry Consolidation (SC) & ’Jﬁf!}; S

Rahardjo (1989) ¢ * SC iz @ iTh 24 2 Frid 2 ~ 41384 o 2
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AR TR BRRE S AR s B A LR
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¥R (concrete mixer) > (5iE 8 | PFendfiE AR > 0 p AR VL

I~

TAPEE T S QR0 2 AR 0 RIS 247 48[ 1 |
£ R R o AL R EREN L T LE s R

2R ARG R BB EIFT ~RR T R L R -
24 EHBWACS 1520

3l AmER LTS 0 P GLIEE AL B g A RS R ot

P A FREL el s

24.1MT Samples
Kuerbis (19899 .5k BB » A7 Pt w73l R sk 4 @ MT 24
#oary i+ (pluviation method) - & #r £ - Vaideta. (1999) 1
Syncrude sand 454 i€ MT ~ AP WP #5488 - H ¢ /B % 28884~ 4o 4p 4
B AT E-20%H 3V ASTM &~ SUirkTemax { Ao Rt o R MR
s i AP~ WP AR K eng 3% 5 o 3 -t :%'H_Eﬁ?ﬂ*v? MT 48 &2 4
B w i3 (collapsible) ‘i o @353 42 6 5 Ladd
undercompaction #£ 4 :x 2 5 MT ;2 4% Vucetic and Dodry (1988) i
EREZEY P B OLERE o X BT A F ek
J R AR V7 7 oo Frost and Park (2003) 14 X-ray ¥tiRdgio g
My &t WPAP 28 i MT 3248353 > 4o 24 577 - MT #2488
PAPE R R 2 R L X 6% (Dr=50% ~ 75%'% £ ) #Ap AR R A 2
AP ZEREAE B X 3%k e o

20



2.4.2 AP Samples
Vaid and Negussey (1984) 325141 5 7 smpfds) 3 g BT §
T D wAERATRER AR AT F e ang im F 4 o 2 Lo Predt
etal. (1992) # 3| » 3T LR AT L Lok che | Y 30K
T FHERATANA § AP BH 0T S EY L A S wmp o R R ok

3 4B 250

2.4.3WP Samples

Odaeta. (1978) %= 3 T Ap 2 T aiE Al i;g;,.‘@_ﬁ&% 75t
FE P R4 2 4R i o Vald et (1999) it g MT/APIWP i &2 31
ookl ZRIRRe AR L S e PRk 2 4 B AT R4
i o T WP 2 dle 208 7 28 2 4p 12 ° 4@ 2.6

Vaid and Negussey (1984) #& 3] WPz &5 # 1 & pechp) 3 prag @17
NAp g 393 GAdE o RELAPGEARE 0 R4 B Nk 2 R PR
ﬁ@ﬁ%mﬁgﬁéwﬁok%mméﬁaﬁﬁﬁﬁﬂ’@%ﬁ%m

F ORI EGH 0 R MT R L 27 R -

2.4.4 SD Samples
Kuerbisand Vaid (1988) # o SD 2 PFi& Sk iR d8 & oh &_f s fie + & 3t
M v Tg EF B e g g e g r 8 X SRR AR 02 o Hoeg
etal. (2000) v 4% SD ;#4f &7 24 desd L5 SD 2 v A Wivd &
My 2RI HREFAAHFNEY -RRF- RG22 FH oA

SRR R I S AR
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2.4.5 SC Samples
2HTEHLE R e Y TR L BR AL B
BEEHF 2% o 58 F o B F 2L 3] e 70kPa-100kPa-140kPa 1% Ff 1
27 F 105 16 % o CPT Rl eni % 4oB 2.7 57 #2393 (1 7

25 7 R E T3 N B

Mulilisetal. (1977) ¢ Ladd (1974,1977) ¥ 5 %% # kAl v
BATHEA A e 2 3 e e S DT L A 4 R R e

-k MT 248 % K (THRpr RAinddl - @ MT p 7 dun gl 5 i
Bl e R Ay G R R TE & o 2 MT 244p 5
Bihs A RE A e WPZAHI P S ISR 2 5 G -
4B 2.8

Tatsuokaet a., (1986) #% I|:# 48 5 3 4v'% 4k (20610 10%) DA axia
strain (F - 5 BRF XU R FES S RAERES S22 5 B Y
£ 2 4r) #7X Plenload cycles#ic (NC) 22 Ef8 @ 152 2 #7ig & e 58
AM e ELRRER DI ec G B oo - A SRR 2
ol 2 ok d BRFEOPETBEL ) RRECWN) R A
F R b b o R ELES E p AR e  R o
Vaidetal. (1999) st #7 WT ~ AP~ WP % %] i¥/% 2 33 /kif 2 B 18
7 R E T oz PREGERDLE o F T Adpl it
AL A de sk 5T 0 2 R BRI 202 RoRRT aE Riv G F
PEALZE WPRERFACEHUERMR TR RALARNERRL Pad
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FrE o F 2 MTeosB B RSt e R n B2 s &8
IR R R o 4rR 290

Amini and Qi (2000) # 102 MT ;3 & % £ 5353 and g WP % £ £

R PG ATREN c R bR R M T B3 EL EFHEIRET T S o

Mulilisetal. (1975,1977) %7 R M (72 2 a7 7 anid B 1

FHA TS P EERAR R R OER AR Bt EAEL
26 T $RHLARLE

AEPN G A B SR EHEEQT) 2 s (2000) % EPE (2002)

05 E (2004) 2 F g - RETT o

26.1 & ZRRR
jﬁ';' AR LTS 51 Sl m%&/‘?f#—ubﬁ s Gk Rl AR e g O 3 r‘;;%-a“
SN R Y G RREBARE LT AR L K R A

T2 lmipkh AP R AR L LT R E R

=
=1
%
é*ﬁ

FAE R L E AR AT AATHRER S0
T-®1¥ 2 5% (MaliaoSand MLS) > # 1 & &k f *#iTeh

Bk FRPORFIES S NER S s SR o

262 RAPIBIEE
skE gy (1997) mB~p By 2. ¢ 5 (w7 £ finecontent, FC 3
15%) #rie(F2 R AP PHBEHR 4L W E SRS E A kR 2
ET2 A B A X kRS ITE - AT bR TR L
i 200 5Lér (447 0.074mm) 2 45 o X PR & g Ry 2 i (P
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) 35 vty s ok 2 (Sltysand) e
WE BT 4T kIg ASTM 2 B R R ETEE > TR E G2
5269 ¥FiciER (FC<H%) z ' & 5 261; B 210% 7 = X &
TR AT A W R0 FIPE L M- A 4E2 (USCS) T A EE 5 SM
&SP R TR TE T RAREGHZIERAGK S X 235 (sub-
angular) £2& a5 (platy) o X kst 412 % M7 & FH 2 FHi =
A “ﬁf F# (quartz) &3 ¢ 22 (muscovite) fr% ik % (chlorite) o
4 218 % %% (MLS)- Quiou #5 (QuS) ~ Toyoura#; (QS) ~ ¢z
Ticino 7 (TS) sk & P 208 $ee £ 2.2 8.7 bl 3 £ et
TR AR REER R AL B STV I AR e B
211 57 I il 5 B2 e RPN EE G ot B G o B4 2
emax fr emin = 2+ | R 2 B e ek arRIA > L X E% 227
A 4 4 (Tavenas and LaReehele 4972 )5 F] % fmip skl 2 £ 2 #2558 >
& ¥ MLS~ QuS & emax f- emin # QS~ TS « » x MLS 2z & fe i

QuS 5 & » wH emax fremin #& QUS -]

24



%21 * A& %P (MLS)-~ Quiou #/ (QuS) - Toyura #) (QS) -~ &2

Ticino #) (TS) hiA ~F (4 p Almeidaeta., 1991 ; Fioravanteet d.,

1991 ; Borden, 1991 )

B -0 Quiou #j Toyura #) Ticino #)
- (MLS) (Qus) (QS) (TS)
v ZH
(muscovite) ik [ 4T £ 7 L (el
wsgy | FRE (CaCO)  (feldspar) fiﬂ;a)
(chlorite) F®E iy
F®E (quartz) (quartz) (quartz)
(quartz)
Dgo, mm 0.125 0.72 0.16 0.53
D1o, mm 0.065 0.14 0.13 0.36
Cy 2.15 3 1.46 1.58
w5 8, % 15 4~20 0 0
Gs 2.69 B 2.64 2.69
=X & A5 = & =
s | (HRTOCPLAEIE | S | (subangula)
A (sub-angular) (sub-angular) & A5
(platy) (angular)
Cmax 1.058 1.281 0.977 0.931
€min 0.589 0.831 0.605 0.579
¢critl 31.6° - - -

25




222 $#®mr Rz EaA AP (FEF,1997)

s B H Al igE T BRI BRI
% ELKNM KNI e e S
0 15559  12.047 1.123 0.644 261
6.3 16128  12.106 1.169 0.628 268
15 16608  12.822 1.056 0.587 2.69
20 16353 12547 1.085 0.600 267
225 16412 12243 1.121 0.582 2.65
30 16480  11.968 1211 0.606 270
40 16883 11772 1.256 0.573 271
50 17001 11517 1.306 0.562 271
60 15.490 9,457 1.808 0.715
80 14.587 8.554 2.105 0.823
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DH-4 Boring
! Machine
L |

Liquid Nitrogen : , : l
ik [e) (s)¢) J |

Thermocouple Tank Lorry l"LL

=X S

-
£ mm| ||| freezing //’& Chllled ///&

200 tube .
- 4w o e73mm HBentonite
D159
o Mud

v

|

e A‘
//jx
i

7/
yFrozen Sand
P

% B

—~Casing

10.1m
e

NN ———

\\[\\Wx;l

MUY

S
C

SRR
Q

Am -

11

Bl 2.1 Freezing and sampling procedure (4% p Yoshimi et al., 1984 )
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LT44

38

[SISS]

|

302

Bl 2.2 Laval sampler 7+ & Bl (4% p LaRochelleet al., 1981)

B.Q wireline

T dillingrad

Collar

Lackingpn

Sed tegthard cuiters

CoyeA-A

A Catonsted 2Wige

o J:>Stee| testhad auters
[
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jl Top Platen I

7th Layer(+8%)

P e S Em EE EE R O e
' D D N B o EE
fre dar e S EE ER R A W A

1st Layer{-9%)

Base Plate

o /
Bottom Platen I

Membrane

/

O-Ring

Bl 2.3 moist tamping with under-compaction ratio of 3% (4% p Frost and

Park, 2003 )
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Elevation of 142mm length specimens

[

500 100

150 200 250 0 50 100 150 200 250 0

50 100 150 200 250

Looser<<< Gray Scale >>>Denser

(4 p Frost and Park, 2003)
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2 ) 5 MTIAPIWP 384835 5 155 Xoray 85 b 452 % %



Bl25 2 Frm2 uEHISFE N2 43 4 (4 LoPresti et

a., 1992)
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250

200 —

3

Shear stress, kPa
S

& 2.6

e.:void ratio after consolidation

Syncrude Sand
Undisturbed

————— Water Pluvited

(KIDD Sand, €.=0.893)

-—
-_—
- —
- -
— —
-— —

10 20 30

Shear strain, %

AR (o) 2 WPRRE2 7 ok B Ti8% F b (e 7

Vadeta., 1999)
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TIP RESISTANCE |[bars]
2::) A0

FRICTION RATIO [%]

® 27 CPT ek s% (F FB®Z - F/R=100kPa> 4

Rahardjo - 1989 )
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120

i Fraser River Sand
Moist tamped
————— Water Pluviated
, /7
80 |— e
/7
© /
g 7
ol d
E — /
% .7
> /
@) /
N— /
40 |—

120 160
(ov+oh)/2, kPa

B 28 7 #-k=dhds%kF & (2 p Vadetd., 1999)
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80

— Syncrude Sand
—FH— WP, e=0.777
—S—— MT, e=0.767
—&—— AP, e=0.768

60

Shear stress, kPa
3

20 Hi

Shear strain, %

B 2.9 Undrained simple shear response (:z% p Vaidetal., 1999)
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Percent finer, %

1ij e

—<— Hydrometer test
80— ——a&— Sieve analyss

70 —

S
|

20 —

10 —

OIIIIIII | IIIIIIII 1 1 |

1.000 0.100 0.010 0.001
Sieve opening, mm

B 210 = &% 2wpi Ry S (4 A % £, 1997)
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25
<o
21— O e
B + emin o
© 151
o
3 o o o °
=) o3 <
S 1 ¢
=
4; = + +
05— +H + +
O | | | | | | | | |
0 20 40 60 80 100

Bl211 $Fmmkp z Bosb* ~B] 3 By 2B (Fp 252,

2000 )
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¥=2F FHRRD

Ay 2 A1 R 2 (wetspray, WSp) 3l 1Tk B2 A o iR
2 FHE TR AT FAET AR TR

LRI BT 4n 4 -

250K T E iR 2 2 MR Y BB ORI

3ok ¥ FiEEAL A K xR AT

Af* » 2 AR MR T2 7 7o

MR GER R 2 R B R 2 AT REE I - R
P22 £ 3 5 E A R Wi RAp % R 2 Rz 19 3R

R o AR A EE RS % T % 2 % 2 Huang e al.

(2004) *tH X 2 BB iF S e RGEB KT 0 2 RS R

AAMABRE P FEBEOREIRE LS NS o FiE K h
SERp AT EEAY WiE- B TKFF (water spray zone) 0 iR
Fe R 5K FIRIB L o PRI Wi - K ot e 2 K
RnC (filmof water) » A 32 MBHCY o« B 2R 2 T RE AT
R AR ANEEFAFE 0 R iR AT ERY Y
TR R R TR o RFIRIE ARG S T REARY IR R GE

Fo B @ H SR HEARAR T N AR R RER R F30 2 BRI L
FrEEAY FIRER S ) A P ERT 2 BeEig B AR 2 SRR
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o B ik L B4 3.1

31173 4% ®

EAFE R FEE (K- ) AR Y A B g A

PR RILRE (4] 32) o M0 B G F BRI B2 4k 2T Rl B

Fvo ML E R R F R g N R - R E o sl gE

TR MR A P XY S FURE R N A RF A BE) S

e R
EMT RS FRP VB AF AT B RMA T F 0 PR
E b d SR TN R B AT F AN AN A e
SN o S AR R AR S e B 330 3 2§ R

PRBRE R g s 0 WG AGEIR 27 B2 FE 0 B

RRET FPHERE %2

—\

%‘»

Rt Be GRS BEEGFIE AR L e T B3 5

\‘\J

At (4Bl 34) G RR B 2R 0 L T F R AR
MEFAR R o PR TRRE T R 2 3R F kTG AT RIDS 2§
gL 5 —ﬁi v 4o Bl 350 ¥ E T 70mm 2 = dhiE Rk 0 pop S
50mm A5 E T E T 2 8 2 dpkd g ¢ oanE - 20mm E SRS R
v IR EER KRG e R oo

B R BL RPN PVCE L R EBRETH T

P

oo B¢ o At i iR 1
oo P R PR - R A LR SRR R A b 2 gEd

SEFFAE o 4oF 36 B 3.7

HEFRE o B EERT L I RIEEE B RE > ]



3.2

Y A R N . LI P SRS EEE

A0 FELS S fic p ’%ﬁfu Al B x| 3 gE o P 7R

5

P\“'thﬁﬂ;}i;l‘ 15%%@’}%'1‘,’% l’ft’/?/__ /wé\.i%)‘i""J‘°%’?ai

iﬁ{’}&ﬁiﬁ%’_)\"’ﬁ-!‘}%;}%‘ﬁ&’éﬂiﬁlﬁ’]]\*’%°l§$/nkﬁ';&ﬂ F’Q—L

-

PORAROA G o F R AL G R AR R AR T
FpEd R 23k Find BT RE P 2wk - Ak R R
ERECI I SRR R R R e A RN

AR FRERY HIIPLIFRFE D o BLT FELG o

FlPt e F BT AT 2 h FRE #HsE g5 N j 55mm 2 PVC F i 5 f

AP R G RBARE ek R () TR
B4 ghpe & U R RSN 3k G o iR Y D
o 2 er 1760 JType00B o o o 2R4Ede 3 3.1 o Hvp o 4 ~ 4R B4 57 1
RS R AR BT T R B R A Y s g 4

B39 R 2 KGREMNIETEZRIS T AT

(w

SHere R

w

DRy T RIS R S RPATETTE 2399 K A

ARG SR KR EOFR 0 B B 4Rl 310

k2R RHEERE

71\5‘[:4’;[1"’ ﬂ"? = Ff:‘“ﬁﬁﬁil?7 1 A%

17+ "% B2 K
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v

DI BBEERE > p BT HBE A RRY B F S BN

PP

\4

=k

Rg ndic
B HIE T EREP IR EAPIT o RIBL T & B ~ &
BHURBLEAFZEPVCEHP - AFE > FEFPLF RS IP
£ (10kPa) ¥ £ % (5 > T2 A pd F5 B2 B H o 4o 3.10 - B
311
20K BB R Kz ik
KGR R A A 3 R 2 dERERAY ~ A BRI R = 04 0 NI
WiE o kiR 258 kR A F R (deair) s ot 2% " MY
TStz e feR LK PRI M BB o PR i & BN R
Laim e FApR (B8 5 & 600) e g A 4 fiﬂ%ﬁiﬂ I .
B (392kPa). i 78 %>yt pr i - vﬁg‘ﬁﬁi%] diu# 5 80c.c/miny T =
K FE Rk K2 B e
3.2 fh & R £ iR AR 4 ol
%@%%@ﬁiﬁ%ﬁﬁm%%ﬂﬁﬁﬁﬁﬁﬁﬂﬁ*%@’Eﬁﬁ
PR F R o BT RO B0Mm B g ok o A -
AORWTEL TR )RR ERITER o
4.8
gyt FUREBRITE AL T PSRl B BACORGIRE K
kG (REXEWwR312) BT ERBRRTEEN 2%

ANET o BT ER I B 313 FEEERPHRTZETRAS

- ]‘Eb‘ﬁ;tg o AR ,L%—}:Ej’-&;fﬁarﬂ R EI‘/F‘E A S UG A ENg-

7.

=

LETEBEPRD o RN phRRGE R RAP P T TLFH

Bt Blo XE R B L REFEREER D IFEME R B TEY
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#-30mm 2 bk o o) 314 o Ao 3 oh 8] ' e 30mm EAE T B i A
AR T FOUEERTE IR A AR 2 R a2 R -
5?%%“)”? T

BECARIRESRR P e k2 2 (R0 £ 20K M P - B 3.15

BT KR R R 2 A TR s AR R R e T A Y RIS R

M)

\

VA i P3E 8 - 1245 Vaidand Negussey (1988) 3 :#%84~ 40 i 4 PF 5 35

FrmEoh i B4 EF R MR 55 S BRI Y B

S A E AR A LR LR A A
3.3 B i FEWE

ok g AR =

LR 2l By 2 LR RET Ifl¥ i 2481 o

PR ALY A R G K ok B2 RS AR
Bl= | F R 25 e ke BoR B REET e Rl 2 ERET
R RZEAEE -

EL R =L el

Kuerbisand Vaid (1988) #+ SD 2 ;2 %8 cha 5 14 4& % £_4 %] ¥+ WP/SD
FHERZAAT P L RIS A Gk dT o ATV VT? kA

ek Tz gt 2 £ (finescontent, FC) 1% 5 Sk 47 32 &+ >
o PEAL KT S B e FC A 3 1R £ o

M L4

Kuerbisand Vaid (1988) %t SD /2 288 chE 45 41 1 £ 3 4p It g vt
ZAMEFE e PE L Z R LR PR ET L F e A8
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T R Y (7% P ik = dhid% 4P P CRR T 2 load cycle i (NC) i*

B 2 AR o
34 ¥4 A BEHRA

34.1 § 4 g <& (Bender Element)
Fyr BREMEELL T T4 L~ (piezodectric ceramic bender
dement) Bipl¥ 4 kiE > AFFLATRY ZBRTRELH S P
GEONORA/S 2> & » 315, A-118 > & i* 7 & = 10V & ~ + |- & 14.5x
12xdmm > #-*7 3] & & f splsdrbender dlement ¥ L f A H (F L 2
k2 g orrArddite & ¥ ' (ABPR) tr = dhF M TR E

Py ok 2 U3 A EE G 4mm) e de B 3.16

342 ¥ A 4 B (Function'Generator )

By AL E A RS S A ‘35"%] 4 EFPAS

=2

N

AR R B 0 BT 4 L o ARBBRATRRF 2

|

SR s FLI Y 2P NA > 25 HPBI20A » Siicd 2 F7

T
K]
by
[l
.
N
N

TR s P s 2 AR s A4 2 Randomwave ¥ d 3p
AXELT R EE- R NP FEBAASR UL T H
IH - L] S R R 4 5 1O)uHZ~15MHz;$%I
P b = AR B owh ATE 2 8 A agxﬂfrﬁ] W E > RIRER I

32;;&%51%;% 5002 ’ﬁ%lﬂia‘f%'@é 10Vpp -

343 T4 e i

R - LA Y A BT RECGAEL T sk o
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TR T 4 A DERR D MELRT SRR PR - BT
(channdl) 2 - BiEZ FH T8 E (P s R )

* ook BE iF RS232 & HPIB /i o #-2 %%fi%l A=A S =

A AR TR f U BLRIEF 2 L~ £ (F s - B
58 P2 terminal board ) TR R A AT 4 R o ArEcE 2 7R

A0 X2 P RFEEFAETIOEY S0 0 bk BT

% 2BkHz -k %7 % Bl4-®) 3.17

35 &5 = phif SR K §

Bo s = iR A B AR o0 e Fphees 4 Bl F R R £ = i

o AT IRMRE R e RRT LA ERY (Cycic Resistance
Ratio, CRR) » A % * R S F P 1 fF% TP AAFLE =
PhipS K oo MK Rz =dhE ok BT el kS BRI

‘?jb N ;F’@; 7&@%#‘] /J lt‘i‘ A J l% & :ﬂ‘%;‘-‘#P%\H lt"_: °

351 &% 3

BRI R e RS ZR S phe R E e L BRI Z kA H PR
PERI(ER A BORR S F RRA )BT T AR 1400kPa -k R 3

( Pressure Transducer ) ~ #he & % 2. €% * Linear Variable
Differential Transformer (LVDT) » # £ ip] 50mm z_ % 25 dh e jm & £

g ok jmE A~ (Loadcel)  #-2 B3 = g BN & ~ % 30 E

=N

Blghe mE FE BN g ~ N FR LR ,f;‘fs« PR e O e

EowkErd R NEEA AR pEPTHBIIFEFE AP



A2 EBA R Aot FE AR E LR 0 07 E R AE

3.5.2 WMELFEB % sb
AR GTEF A& §p Loadcdl ~ LVDT % 3 i Pressure
Transducer (B ~ 3 H-KBR ~ 5 BRA4 ) 2 %itiE o Flpt 2 £~
EREE (sensor) *rTE BT HTRE *’Lr%]:".mz»p AR RER A R
(PCLD-8115).5 AD + (81601)# 4% & ez 5L B gy 2 T 7 > fie &
LabVIEW #23% » 7 T pF &Jd? Load cell #1i@ w 2_ 2 8L 4 FFRES

Fl o PR ST IRIEE .

353 §F BA-LBREH 48
GRS R TRR S 2 SR RS g 2 kT : 10kg/om2 - {1
LE AR R R RRE RIS T LSRR
R R S AN B R B o ek R R 38 RS

2V R FRZ FREZOS VR 5 0.2kg/em2

354 F RiFE 4 2t

FRAEA E&f h Aoy - EFBITRZ 324 TEE &R
B WiEH2 Hie/@REE (Dyneserv DR1100E) - 5 £ & & i£ 26

kg' B+ 44 % 100N-m> B+ fhrd FUE % 4087Kg > B+ vt Fide %
2044Kkg > ¢ 5 i fRAT R 5 5 9 614400 % o 7 d gl & PR

Bk R S e R R B T TR 4 2 &) B

LA i 8 R A F R E L B R

M
X
N
A
-
1A
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T2 RS 0 F O e P8 IR & R R RSk (ball

screw) (THK BIF2005) % 4»#4# (THK LBF25T) 5 # 5 i e
B R L PR o H AR A Rk 318 F 2RTA 0 sk
W F S EFE L RS L RN S TR P
WEEG Y ARG RPERKE ABEL D ER T FERERH

it & 0 TV REFT R R E&

355 #hBIrH| & 3
WELE e F RAERPIR BEA S BEER LabView 25
52—+ (NIPCI-7844) ®:F fic2u% = terminal board (NI UMI-
7764) > £ D SESRE B Bt A 4 R > T I A2

FEVSERPREAE 2w BT B FIERF > d N5 EF

AU LG Ml B RABEN LTS EFR FEF ALY
wirr"b%“"‘a ,I}‘ILL_FL‘H_:.__ S?ﬁ”ml‘ffﬁ é%"_ﬁiﬂ;;ﬁ%?‘ﬁi;&

o W3 B BT A€ 5 B E R

36 ¥ o { £ 2 WERR 4

ARE R LR E R R A E 2 B iR
Pz phz A AL JRFLE c f e FE S P E 2 ik

%%5@51Mﬂiﬁﬁ’%?ﬁ@ﬁ§<iv9$ﬁlm%5
(614400x5/25.4) # ¥4 » Flot 5 AIg 2 f347 R 973 2 B F F N
TR e MY P AR A PORE R Z R T R S S

0.15mm/min -
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WELREP kSt w5 65 e 22hit E FNBAETAE Y T £
(Agilent HP34401A ) » #-» B sensor (LVDT ~ Loadcell 2 & =
Pressure Transducer ) b’L’rﬁ%l NP MBS AR S g |
¥ SR A MET T2 {5158 GPIB 4 o (Genera Purpose Interface
Bus) (NI GPIB-USB-B) & & "% USB Port f?;ﬁi%Ji T R é
LabVIEW #2.5¢ » 7 FpF 2 34 & B PIF R B 4E% Y TR %

L iR AR ek 4 o

47



% 3.1

®peE ) -006 4 f

I3
SRR ES SR ERGRNR -
Wil | eSHITIW -
oEEEROE
12 MRS RO (RS 03 .
WM 25316
5 HERT(mm) W)
£ h n ¢d | B | 8US
J 304|225 |14 | 105 185 175

ek PTREdNRERD TNRES ol
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Airin

— 1 PE e E A 2mm

c/2,0

Bl 36 RARBIFLFEE
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FfrimF@may air/sand outflow
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o
e
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Bl 312 Befi: kT AR
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Function Gener ator

—‘ Top Cap
- DDEIEI[I[I[IEIE o)
I = I‘ —T —Bender Element
| (Transmitter)
- \
188 |~ Soil Specimen
[ J[ ] )
% ] ~—Bender Element
_ AN (Receiver)
M Pedestal

Wave Signal System
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241 FEBIAMZOHEREPRE (BBRERE AR ALE)

R ¥ - IEE r - FEE FC,

Yk FrEwR,Q/sec FEAE,0/EC % Avg,glsec RFHEE,Q
#1 36.03 33.48 0 34.76 1023.65
#2 28.36 28.16 0 28.26 972.42
#3 33.48 28.32 0 30.90 1004.08
#4 14.39 11.02 15 12.71 968.52
#5 10.62 13.46 15 12.04 964.20
#6 13.85 13.21 15 13.53 1030.93

%42 FWwePzEEIP (23 9)

B2 = ] FC = 15% *1 * 2 % %k

P i | No.0O1 | No.02 1 No.03'{+No.04 | No.05 | No.06
#1(Top) | 139 154 | 175 | 171 | 1428 | 17.27 | 19.09
#2 14.3 144 | 46.9+.2187 4 1553 | 17.46 | 18.37
#3 14.6 14.1 17.2 18.1 13.94 18.39 19.57
#4 14.4 14.3 17.7 |+183 | 45.12 | 1743 | 1858
#5(Bottom)| 14.3 14.5 17.5 18.1 13.45 16.57 11.03

Avg, % 14.3 1454 | 17.36 | 18.06 14.46 17.42 17.32

S, % 0.254 0.502 [-0:31310.589 0.850 0.649 3.551
i ¥ FC =30% *3 *4
P s | No.01 | No.02. | No.03 | No.04 | No.05 | No.06
#1(Top) | 29.9 31 308 | 314 | 318 | 3140
#2 31.2 32.4 32.8 31.7 31.2 31.70
#3 29.8 31.6 32 30.1 324 30.10
#4 31.3 31.6 334 31.2 31.9 31.20
#5(Bottom)| 27.6 28.3 27.7 29.8 28.665 | 29.80

Avg, % 29.96 3098 | 31.34 | 30.84 | 31.193 | 30.84

S, % 1.494 1.578 2.25 0.838 1.476 0.838
SIHREL ok I EA EIE ko kok T R GER R DFEH
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243 BFMwp g EEIE (kT3 e)
=X K *x1 El * 2
™% Inner FC,% Outer FC,% P> =% |nner FC, % Outer FC, %
#1(Top) 31.67 31.90 #1(Top) 31.33 30.96
#2 31.28 31.14 #2 29.74 30.15
#3 32.17 32.74 #3 30.45 31.54
#4 31.13 32.71 #4 31.56 31.20
#5(Bottom) 29.39 28.89  #5(Bottom) 29.33 28.76
=X K *3 El x4
™% Inner FC,% Outer FC,% P> =% |nner FC, % Outer FC, %
#1(Top) 14.39 14.17 #1(Top) 17.08 17.46
#2 15.98 15.07 #2 17.20 17.72
#3 13.85 14.03 #3 18.10 18.67
#4 14.89 15.34 #4 17.32 17.53
#5(Bottom) 13.12 1377 ' | [#5(Bottom) 16.90 16.23
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244 $FIEREE T RFFTHR
FHO)=%  i£,9 water contant, ®
#1(Top) 234.08 0.276
#2 240.68 0.285
#3 230.98 0.286
#4 212.88 0.284
#5(Bottom)  241.34 0.294
Avg 231.99 0.28
S 11.55 0.01
#M()=% ¥ £,9 water contant, ®
#1(Top) 148.66 0.303
#2 156.54 0.306
#3 137.99 0.302
#4 145.15 0.305
#5(Bottom) 167.04 0.309
Avg 151.08 0.31
S 11.15 0.00
PO =E | #E;0 water contant, ®
#1(Top) 152.48 0.274
#2 156.10 0.262
#3 156.56 0.273
#4 146.73 0.278
#5(Bottom). || 174.18 0.288
Avg 157.21 0.27
S 10.27 0.01
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2 45 FiZ A4
R | & |FC,% | ol kPa| e | #e ¥ E,%
No.1 Clu <5% 50 (091 18.88
No.2 ClU <5% 100 |0.86 19.55
No.3 ClU <5% 150 |0.83 19.1
No.4 ClU 15% 50 |0.79 18.81
No.5 ClU 15% 100 |0.80 18.41
No.6 ClU 15% 100 |0.68 19.39
No.7 ClU 15% 150 |0.76 19.11
% 46 i ERI| 4
wR P | FG% | o, kPa | o4, kPa € N,
0725 <5% 100 50 0.89 6
0712 <5% 100 40 0.87 21
0711 <5% 100 30 0.90 180
0913 15% 100 50 0.77 3
1126 15% 100 40 0.75 20
1020 15% 100 30 0.74 30
0705 30% 100 40 0.73 5
0630 30% 100 30 0.72 22
0704 30% 100 20 0.70 369
A7 T4 RFR R
WP specimens WSp
FC=30% Void | Vs, specimens | Void | Vs,
(Kuo, 2004) |Ratio, e] m/sec FC=30% |Ratio, e m/sec
i MmE-1 | 0723 |135.36 | #H%5-1 | 0.698 | 168.89
FAARSL-2 | 0725 | 135,93 | #FMAREEL-2 | 0.719 | 159.79
A ME-3 | 0727 |134.93| #FM%H-3 | 0.726 | 157.37
Average 0.725 | 13541 | Average 0.714 | 162.02
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