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ABSTRACT

Sample disturbance during in-situ soil sampling deteriorates soil properties, i.e.
decrease strength and modulus, which makes the design and construction become too
conservative. Therefore, the soil specimen for laboratory testing must be in the state as
close as in the field with minimum sample disturbance. Tanaka et al. (1996) showed that
undisturbed specimens from piston sampler is the best in terms of ease of operation and
cost. However, the use of piston sampler is not popular in Thailand and there is no country
standard for this sampler. Moreover, the standard for piston sampler of other countries (e.g.
ASTM, JIS, BS) are different. Therefore, this research project aims to design and produce the
sampler which suits for use with Bangkok Clay. The results of this research can give
prototype soil sampler and sampling operation which can be further developed as a

standard procedure in the future.
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D,, = external diameter of the cutting shoe
De = internal diameter of the cutting shoe
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2.2.2 Inside clearance ratio
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2.2.3 Outside clearance ratio
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2.3.1 Open-tube samplers
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gﬂﬁ 2-2 Sampling Operations Using the Open-tube Sampler (Clayton et al., 1992)

2.3.2 Piston samplers
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® Free piston samplers
® Retracted piston samplers

® Fixed piston samplers

2.4.1 Free-Piston Samplers
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2.4.2 Retractable-piston samplers
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2.4.3 Fixed-Piston Samplers
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g‘dﬁ" 2-3  Cross-Sectional View of Osterberg Sampler (Clayton et al., 1992)
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Inside Sampler
Thickness | Method of R
Sampler diameter length Operation NGN
(mm) driving
(mm) (mm)
Thin-Walled Steel
Sampler Tubes
Pushing or ASTM D
- UM 21n 49.56 910 1.24 Mechanic
Hammering 1587
- YUIR 3 in 74.55 910 1.65
- uIA 5in 123.95 1450 3.05
Hydraulically Operated
Stationary Piston
Sampler Pushing or ASTM
Hydraulic
- UM 2in 49.56 910 1.24 Hammering D 6519-02
- YUIR 3 in 74.55 910 1.65
- U9 5in 123.95 1450 3.05
Thin-walled Tube
Sampler with Fixed Mechanic
JGS 1221-
Piston Pushing or
1995
-Stainless Steel 75 1000 1.5-2.0 Hydraulic
-Brass 75 1000 1.9-2.1
Pushing or BS
Open-tube Samplers 75 or 100 - 1.1% Mechanic
Hammering 5930:1981
Thin-walled Stationary Pushing or BS
75 or 100 - 1.1* Mechanic
Piston Sampler Hammering 5930:1981
Clayton et
NGI 54 Sampler 54 880 1.5 - Mechanic
al. (1992)
457 or Clayton et
NGI 101 Sampler 101 2.0 - Mechanic
1000 al. (1992)
Michael
ELE 100 101 1000 1.7 - Mechanic
long (2003)
Michael
ELE 100 (modified) 101 1000 1.7 - Mechanic
long (2003)

29
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A1999 2.1 LUIBUBUAIRNY 9 TeenTEUBnUsiayYin (AD)

Inside Outside
Inside Outside
Area ratio cutting cutting L/D
Sampler Clearance | Clearance NN
(%) edge edge ratio
(%) (%)
angle (°) | angle (°)
Thin-Walled Steel
Sampler Tubes
ASTM D
- UM 2in 7.17 - - 1.0 - 18.4
1587
- WA 3in 6.58 - - 1.0 - 12.2
- 9ue 5in 7.09 - - 1.0 - 11.7
Hydraulically Operated
Stationary Piston
Sampler ASTM D
- UIN 2i0n .17 - - 1.0 - 18.4 6519-02
- W 3in 6.58 - - 1.0 - 12.2
- Aun5in 1.09 - - 1.0 - 11.7
Thin-walled Tube
Sampler with Fixed
JGS 1221-
Piston
1995
-Stainless Steel 8.2-11.0 0 6x1 0 - 13.3
-Brass 10.4-11.5 0 61 0 - 13.3
13.3 or BS
Open-tube Samplers 10.0 - - 1.0 -
10.0 5930:1981
Thin-walled Stationary 13.3 or BS
10.0 - - 1.0 -
Piston Sampler 10.0 5930:1981
Clayton et
NGI 54 Sampler 11.0 -12.0 - - 1.0-13 - 16.3
al. (1992)
452 or | Clayton et
NGI 101 Sampler 8.0 0 - 0 -
9.90 al. (1992)
Michael
ELE 100 6.8 0 30 0 - 9.9
long (2003)
Michael
ELE 100 (modified) 6.8 0 5 0 - 9.9
long (2003)

*A119049710 Outside Clearance = 1%
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1998), (Clayton and Siddique, 1999), (Tanaka, 2000) wag (Chung et al,, 2004) 31AN15AN Y1

a o ! dﬁl ! L2 dld ! U 1 a a v dﬁl
NUATERAUNUIN VT8 NANAADNITTUNIUAIDYNAULAT

Area ratio

a

31nN15TEUBUNSEUDNNEAENeAY WUTT NTEUBNNLAT Area ratio Noedgndziinas
JUNIUAIBE1AUNTRETAAGY WAAT Area ratio JUBEAUAIUNUINTBUINYBINTLUBNAIY YN

aa I3 I~ A v d' Y o N
NITUBANUATITNUN ﬂ"ﬂgllﬂqiiUﬂjumuaﬂmq@mqﬂlﬂﬂﬁﬂ WQE‘UW 2-5

25

—— AR = 10-14%, Bt =530
e AR = 2864%, Bt =177
— = AR = 50:73%, Bit=11-3

1
|
1
i
Extension | l :
| | : — — AR = 100-46%, B/t = 7-0
[

Vertical element location, z/8
(=]
2
-
A
T
_r‘}\\\
—
N
- . .
b2
| i L I
i
"
.

ICR = 0-99%
ICA = 072"
-15r QCA =99

Compression

_25 1 1 1 1 N . 1 1 1
25 -20 ~15 10 05 00 05 10 1-5 20 26
Axial strain: %

g‘i.l‘i?i 2-5  Comparison of centerline strain paths for samplers with different Area ratios

(Clayton and Siddique, 1999)




- = av o a 1%
unnm 2 V]E]NQLLamﬂu’Jﬁ]‘c’JVILﬂEJ’J‘UEN

Inside clearance ratio
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31]171 2-6
ratios (Clayton and Siddique, 1999)
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Comparison of centerline strain paths for samplers with different inside clearance
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Comparison of centerline strain paths for samplers with different inside cutting

edge angles (Clayton and Siddique, 1999)
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3Un 2-8 Comparison of centerline strain paths for samplers with different outside

cutting edge angles (Clayton and Siddique, 1999)
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gﬂﬁ 2-9 Stress and Strain curves from unconfined compression tests (Tanaka et al., 1996)
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FuvUarIRulunszuaNAUAIDE19RY

AWNUIVDIAUTINTTUMUALANANTY Wpunduluneaay UC test kag CO test 3EnuUN

suntsignsuniutesiiane UC-4 wag CO-5 fis CO-13 auanau feguil 2-10

’Qf;;gi“;;’& 0-10 m

L uc2 || 13em

e
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e -iO-?S m : WO 75m
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(a) )]

g‘dﬁ 2-10  Position of specimens in a sample tube: (a) UC test; (b) CO test (Chung et al,,
2004)

NMIPUALBNAINNTEUDNLAUFBE 19U

n1ssufuiley 2 dnuazmeiuAe nsAuAuLUUUNF(normal extrusion) WAENITAUAULUY
ndufiu(normal extrusion) Flagul 2-11 1NUITeHNUdN NsFUALKUUUNG (normal extrusion)

IN155UNIUAULBENINNITAURULUUNAUNY (normal extrusion)

q. Clay

sample [l +]

W“Tube

Top of
tube

Bottom
of tube

€5 Extrusion
pressure

(a) (b)
31]17; 2-11 Different extrusion directions of sample: (@) normal extrusion ; (b) reverse

extrusion (Chung et al., 2004)
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4.1 Wisuidlsuunjunwriuiunvitnimaaasluaey

UNN 4 HNaNISILATIZH

av daa [

FIYNANUN

1NNFRTAUIAANVBIRUN TN NITIUsENaUlUMEAY 2 Uselan Ao Audeu (CLAY) way

a <

AULe (Silty CLAY)

WaUIAE19 IR UN TN TN RIISUNA VRN NI AaedluLITe

o

ANUN FILUIUNTNAABIIUINUITINFNUNTNIUA 4 @n1UN A8 Ariaka, Bothkennar, Drammen

Wag Pusan 371nn15LUSEULTAABUAT Unit Weight, Atterberg Limits wag Strength vinlinsiuinau

gou (CLAY) ngawniflianvazindandsiuiuiui Ariaka uas Drammen @ufuuda (Sitty CLAY)

nyunwalianyazindnendeiuiuiui Bothkennar uay Pusan Aauansluniseil 4-1 uandlviiiugs

" A o = =~
AR NUINNUSEUIEY

M13197 4-1  Wlsuiigudeyaiunsannaiuaumitnisnaaeduaddenanu

aonuil JEAUANEN | Unit Weight Atterberg Limits Strength 91494
(m) (kN/m?) PL(%) | LL (%) (kPa)
Bangkok * ** 42 105 24.5 STS ENGINEERING
(CLAY) CONSULTANTS
CO.,LTD. (1995)
Bangkok * ** 18 105 34.3 STS ENGINEERING
(Silty CLAY) CONSULTANTS
CO.,LTD. (1995)
Ariake 10 - 50 115 22 Tanaka (1996)
(Japan)
Bothkenner 8 - 32 72 36 Tanaka (2000)
(UK)
Drammen 12 - 19 38 25 Tanaka (2000)
(Norway)
Pusan 16 16.4 24 45 17 Chung et al. (2004)
(Korea) (14.32)%**
Pusan 20 16.5 23 a5 36 Chung et al. (2004)
(Korea) (18.25)%**

* N SEAUATINEN VDRUNTUNNUMIUATABINDITUININANNENWNALVRINT
** @1 Unit Weight ¥04AUnNTunnumIuAsHaeiasanaILAnuaniiiniuvesnyl

% @ Unit Weight 999AUNJ4NNavuAsilofiansanmuauaniuviniuvesul

YN AN
YN AN
Aaa

NG

@
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91574 4-2 waaslifiufeanisiSeuifisunszuenifiusesnsfiudsilinsuianszuenify
fegsiuiifinunngsgn Tundazanuiiiviiniamaaes Ingldainnsmeaedunuidenffuis 3
anufidaedu ¢ Ariake, Drammen wag Bothkenner aziBunuasniseassidwiolud

Ariaka viadouTinLEn 10 wins Suaunsrueniviinsnaeuivianun 6 nsruen #sa1nnis
NAFDUNIAMNNINYBIAIDE1IAU LA8AIN Stress strain curves waznagaulagds CPT vinlvinsu
AuAMYRINTEUBNNATIAAlUNSEUBNLETIgN A Sherbrooke, JPN, LAVAL, NGI54, Shelby Uaz
ELE 100 auad1diu waziletaAisng q udSeuifisulagld Histogram of strength ratio Méunlne
piezocone 1U3suinuvinliwuladinszuan Sherbrooke, JPN wag LAVAL aslanmunIneeg
FeEnsfii Fanszuen Sherbrooke axlinauninvosiiogns idfian drunszuen Shelby uay ELE
100 a¢lfnmunmvasiiosiiueiign

Drammen nagauUfiAudn 12 s S1urunszueniivhnisaaeuiivianan 2 nszuen @9
IINNIINAFRUNIAUAINYBIAIE19AU  1aBnaNn Stress strain curves NINTIVANAINYDY
nszusnaINAfianlUnszUBNLETign isvey 12 wns AunmvesiegiidnvasfilndiAsaiu naves
maTsuiisulisudafissey 16 was vilvimswaunimuesdiedvenszuaniinssuen
Sherbrooke An3nszuan JPN

Bothkenner naaauiindnudniunnseduleun A 13.50 was Tnenszuen JPN find1udn
11.00 wnslagnszuen LAVAL uag ELE100 3591nnsvindeuynaunInvesinesns nggain Stress
strain curves ¥ilinIugUAINYRINTEUBNIINATIgalUnTEUDNLETian Ao JPN, LAVAL uaz
ELE100 wagiilorAnsnag unuSeuiieulngld Histogram of strength ratio léiunlne piezocone
Wiguwsuyilvwiladnnszuen JPN, LAVAL damunm@an diunssusn ELEL100

nMssunIufetsiu ilvlsnszuenifiuiesduifinunne dsldarnnanismaasdly
M58 4-2 Tnefaumguesnissuniuiiesndiu iesainnszuen Shelby lsifigngu nszuen NGI54
faumunvesnszueniiunniduly daunszuen ELE100 Ssndeaulilléivisiisnunsresnszueni

1 U -dl 4 = U U
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AATNTDINTZUBN VUYLNG
1 2 3 4 5 6
Ariake Sherbrooke JPN LAVAL NGl 54 | Shelby | ELE | Shelby Liifignau
Depth of 10 m 100 NGI54 ANUNRUIVDY
NIYUBNLIN
ELE100 §wmdaagy
Tallst
Drammen N2 | JPN1 wafilalndiAsst

Depth of 12 m

Sherbrooke 2

Sherbrooke 3

Sherbrooke 1

Depth of 16 m Sherbrooke JPN 1 JPN 2
Bothkenner JPN (at 13.5 LAVAL (at 11 | ELE 100 (at 11
m) m) m)

4.2 A1SNANTAUENWUSVDINTZUDN

4.2.1 anwz3Usevenszuan (Geometry)

Area ratio

JUM 4-1 ULanen159i915au1 area ratio Hvorslev (1949) larinvunan Area ratio ¥aanszuen

a

Aa o

ISP

LﬁU(;]J’JEJEJINWUVIWUU AITUAIDYTLIINT 10-15% "U’]ﬂﬂ?iﬁﬂﬂﬁm’]@iﬁ’mﬂ@\‘]ﬂiwtl@ﬂﬁi’]\‘i5]LLéJ'JW'U’]I’]

A1 Area ratio A108T81MIN9 6-12% AIUAAILUAITIN 2-1 KAELTBRINAUNTUNNUNIUATITAIY

v a

AANEARINUAUT

Wowiu 1A1 Area ratio M1y 8.2% Jsazuladinszueniiii

8.2%

v v

AINRIUTY

Ariake NUszwAgUu Banszvaniilavimsmaaeslufuiuszimagduninissuniy

¢l A1 Area ratio AU
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A1 Area ratio A35dA8E

sstring 10— 15 % <:| Hvorslev (1949)
¥ - 0

A1 Area ratio Y0anTEUBNYLN -
<:| A5199 2-1

#i197) fAegTEnIne 6 - 12 %

4

A1 Area ratio ¥89 Thin-wall

M13I97 4-1 AUNTUNN
tube sampler with fixed piston ~ v o oa A
<:| UANMUANIINUAUN

JGS 1221-1995 f@vinfiu 8.2 <
Ariake Uszinagyu

% (Stainless Steel U1 1.5 11l.)

\ )

5U# 4-1 15915847 area ratio

Inside Clearance
E‘Uﬁ 4-2 w@MIN15NNSU inside clearance Hvorslev (1949) lannnunan Inside Clearance

WINAU 0-1%, 0.5-3% wag 0.75-1.5% @1%SUNITUBNLAATIUINAIL NSTUBNAUNIN NSEUDNTIYND
UIUNANLALATEUBNTNENI 1158 AN L/D 1A1 6-8 MUAIRU NTTUBNNANEINAIULILAT L/D wi1nu 10

v @

wazluawide Clayton (1998) wuin 1.0% Hn1ssuniutiesiign Feasulaiinssueniimaaimuiag

14 @1 Inside Clearance Winiu 1.0%
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A1 Inside Clearance WnAu
0-1 % drsunseuaniduin

- ; < Hvorslev (1949)
0.5-3 % drsunseusniieniuiunang

0.75-1.5 % @msunseuanyend ¥ise A1 L/D fiAn 6-8

Il

A1 Inside Clearance WinAu 0.75 - 1.5 % <::| fi L/D Wiy 10

ll

fA1 Inside Clearance wifiu 1.0 % <::| Clayton (1998)

gﬂﬁ 4-2 NS5 inside clearance

QOutside Clearance

SUN 4-3uan9n15W315UN outside clearance TaLAANNTNED Soil sampling %A1 Outside

Y Y
[

Clearance Mwnganiuaumileainniiu 2-3% Jeasdlainssueniiddminuagld fn Outside

Clearance w1nU 2.0%
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A1 Outside Clearance Wifu

2-3 % @MSUAULLE? :
0% ANSUAUNI Y

U

[ A1 Outside Clearance WU 2 - 3 % } <::|

U

[ f15alY A1 Outside Clearance winiu 2% }

TECHNICAL
ENGINEERING AND
DESIGN GUIDES AS

ADAPTED FROM THE US
ARMY CORPS OF

a a
AULNUYD

g‘llﬁ 4-3  ANSNANTUN outside clearance

Leneth-to-Diameter

al

JUT 4-4 uanan1sia1san length-to-diameter @1 Length-to-Diameter Mivangaugdmsusiu

willgauardmSuAUNTUNNUMIUATITL Ay 10 9nuilede Soil sampling wanilade Site

investigation Fsasuladnssueniimasinunagld A1 Length-to-Diameter winfiu 10
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. e TECHNICAL ENGINEERING AND
A1 Length-to-Diameter mnAU

o @ oa DESIGN GUIDES AS ADAPTED
5-10  duiudunne <::|
FROM THE US ARMY CORPS OF

ENGINEERS, NO. 30

10-20  d@wmsunumtien

U

[ A1 Length-to-Diameter AU 10 - 20 } <::| Aunilen

/Dependence of permissible /d ratio on soil type\

Type of soil Greatest I/d ratio
Clay (sensitivity > 30) 20
Clay (sensitivity 5 - 30) 12 <:| Clayton et al. (1992)
Clay (sensitivity < 5) 10
Loose friction soil 12
Medium loose (sic) frictional soil 6

~

U

[ A1 Length-to-Diameter AU 10 } <:| auﬁﬂ§QLMWﬂﬁ sensitivity < 5

3‘1]171 4-4 n135WA1T8UN length-to-diameter

Inside cutting-edee angle

JUN 4-5 Lanan15Ma5aun inside cutting-edge angle  TusuAdeves Clayton (1998) wuin
A1 Inside cutting edge angle NN13UNIULBNAN A 1.432 83r1 Faguladnnszueniiigs

Waw1azly A1 Inside cutting edge angle WinAy 1.432 83

a-7




UNA 4 WaNISIATIEN

A1 Inside cutting-edge angle UasnTzUBNTLAMILS dA
1 o o Clayton (1998
M199AU 1.432, 0.716, 0.358 991 A1UAINU <:| yton { )

l

[ A1 Inside cutting-edge angle Wiy 1.432 a3 } <:| Clayton (1998)

g‘dﬁ 4-5 n15WAITAN inside cutting-edge angle

Outside cutting-edge angle

g‘dﬁ 4-6 LAANINITNANTUN outside cutting-edge angle mﬂmiﬁﬂmmmgmﬁuaqﬂizuaﬂ
H199uEINUT1 A1 Outside cutting edge angle 8@ 5.00, 6.00, 30.00 83A1 FawandlumIsei 2-1
Tuswideues Clayton (1998) wuan A1 Outside cutting edge angle ﬁﬁmiiumuﬁasﬁqm D 5.00

v v

93m1 Fagulainnssueniinauimunagld 1 Outside cutting edge angle iU 5.00 837

A1 Outside cutting-edge angle YoINTzUBNITUAAGY) HAT g
o <{— it 2-1
19961398 5.00, 6.00, 30.00 93711 ANNARU
#1 Outside cutting-ed le vosnTTUBNTUARIGY LA7 :
utside cutting-edge angle 9 Clayton (1998)
A999198 5.00, 9.90, 19.29 93711 ANNAIRU

U

[ fA1 Outside cutting-edge angle Wi1iU 5.00 831 } <::| Clayton (1998)

g‘ll‘ﬁ 4-6 N13WATUN outside cutting-edge angle
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Piston

UM 4-7 LaAIN199a15UIN15E piston 21NN15ANYIIUIIBUDY Tanaka et al. (1996) way

By
aa

Tanaka (2000) WuINszUNLAURIDE19AY M@JﬂquLﬁuﬁauﬂizﬂa‘uéhaﬁﬂﬁiiumuﬁ’gaemauﬁaa

A =2 V1 Ao v w = [ ! v
U5l ’Nﬁ?lﬂﬂil']ﬂi%‘tl@ﬂ%ﬂﬁaQWWUWﬂ’JiNQﬂﬂULUUﬂ’Ju‘Ui%ﬂ@UWJEJ

Y

'
=

a @ 1 a Yl
AsTUBNNNanauILNUAIBE19AULATIAAINLN

VU s <::| Tanaka et al. (1996), Tanaka

AdNSTUand bl

5UN 4-7  M15#a15IN15l piston

4.2.2 ATEUIUNIINNNU (Operation)

Position in the sampler tube
d' a ) ] d'dd' LY 1 a o 1 a =3 o 1
E‘U‘VI 4-8 LLﬂﬂQﬂWiW"Nim’]ﬂ’]LL%HQVW’IVIQWUENGYJE)EJ’N@U 61’1LL‘VI‘INEUENWUI‘L!ﬂiSUE)ﬂLﬂUGYJE]EJ’N

a ¥ 9« ] v A a4 o ax o "o D =
Auty dnaden1sTuNIufilegeau Wevinmaaeulaels UC test sundsiignsuniutesiiande
UC-4 uaztilavinnsnaaeulagds CO test siumnisignsuniutiesiigade CO-5 9 CO-13 uanasagy

1Pa1nN13ANBI9IUIBYO9 Chung (2004)

R 0-10 m

i g
e | }m JUMU UMY
—1" oy 09 iow <:| Chung et al. (2004)
| U 85cm (j:o,g
: =2

‘ 'aw __5540

= COo-11

G
US| 603
| Co-14
e m bz 075 m
BT ¥ BB " Botom
UC test CO test

U 4-8  Msiinnsandumiannnanveiiegesiu
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Extrusion of sample

JUT 4-9 wanIn1siansuINIsAUmIBE19ANeaNIINNTZUBNLAUMBEIY N1SALALEENIIN
nTzueniy dnasen15suNIuAILE19AY Inen1sauauwuuUnR Ao Auaindiuriiundediuieg
nszven Auanslugy (a) agsuniutesndinsAuAuLUUNEURU A ANAUMBIdad1uiIves

nszvan sakanslugy (b)

q Clay

sample o6
v Tube
Paraffin
Piston
Top of Bottom
tube of tube

Extrusion
pressure

NIAUALOBNLUUUNG AN AMSAURLLUUNEURUY <:| Chung et al. (2004)

JUN 4-9  NsRANTNINISAUAIBENIALDRNIINNTTUBNIAUAIBEY

d' a o U a < d'
SUN 4-10 LEMINITDBNLUUNINLIVIANAYDINTEUBNUNENTUAULNULINTUNAN A15199 4-3
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P a ¢
UNN 4 NaNISILATIEN

76 mm 122 mm
+— B —
b '
Ll 120 mm
750 mm . 'y
i 1200 mm
77 mm
10 6.5 mm 24.5 mm Lk 124 mm
mm
4
1 3
A
17 mm 20.5mm
74 mm 20.5 mm 29 mm
L AT e T 119 mm
r " v

Propose Sampler 1 Propose Sampler 2

UM 4-10  M15RONUUUNITUIARIAYEINTLUBNUIE NI URUMTEINTIVN

4.3  NMIUIBULTBUNAYRINTTUNIUAIBESHY
o v o a A o P v v ° = a ' .
ilaldvinn1sfiansanienaine venTEUsniisfBINIsuaY yinsilSeuiieudn Peak axial
strains (%) FauanafieA1nN15IUNIUAIBE1NAY Aunseuaniileglulagluuasnssueniilaiinis

panwuul) lAr1 Peak axial strains (%) Aawandlunns1en 4-4




a = = o ] N av v
M1319N 4-3 L‘UiEJ‘ULVlUUﬂ']G]’]\‘]G]GU@flﬂig‘U@ﬂLLmaz%u@ﬂ‘Uﬂﬁg‘U@ﬂm‘l@@@ﬂLLUU

Sampler Area Inside Outside L/D Inside Outsic
ratio (%) | Clearance | Clearance cutting edge | cutting e
(%) (%) angle (°) angle |
Thin-Walled Steel Sampler Tubes
- UM 2 in 7.17 1.0 0 18.4 - -
- UM 3 in 6.58 1.0 0 12.2 - -
-UIA 5 in 7.09 1.0 0 11.7 - -
Hydraulically Operated Stationary Piston Sampler
- YUIR 2 in 7.17 1.0 0 18.4 -
- UM 3 in 6.58 1.0 0 12.2 - -
-UA 5 in 7.09 1.0 0 11.7 - -
Thin-walled Tube Sampler with Fixed Piston
- Stainless Steel 8.2-11.0 0 0 133 0 6%1
- Brass 10.4-11.5 0 0 133 0 61
Open-tube Samplers 10.0 1.0 1 13.3 or - -
10.0
Thin-walled Stationary Piston Sampler 10.0 1.0 1 133 or - -
10.0
NGI 54 Sampler 11.0 - 1.0-13 - 16.3 - -
12.0
NGI 101 Sampler 8.0 0 - 4.52 or 0 -
9.90




- a ¢
UNN 4 WanNITILATIEN

ELE 100 6.8 0 - 9.9 0 30 Yes Michael long
(2003)
ELE 100 (modified) 6.8 0 - 9.9 0 5 Yes Michael long
(2003)

Propose Sampler (1) (nNFeuUanuuU) 8.2 1 0 10 1.432 5 Yes
Propose Sampler (2) (Nsyusnuwuzin) 8.2 1 0 10 1.432 5 Yes
GI’]’i’l\‘iﬁ 4-4  \WSHUNgUNAYBINITTUNIUAIDENAY

Peak axial strains (%) 21994

Sampler Area ratio (%) Inside Clearance Inside cutting- Outside cutting- MAX
(%) edge angle (°) edge angle (°)
Comp. Ext. Comp. Ext. Comp. Ext. Comp. Ext. Comp. Ext.
Thin-Walled Steel Sampler 0.25 0.55 0.75 0.50 : - . - 0.75 0.55 ASTM D 1587
Tubes
Hydraulically Operated 0.25 0.55 0.75 0.50 : - . - 0.75 ASTM D 6519-
Stationary Piston Sampler 0.55 02
Thin-walled Tube Sampler 0.25 0.55 - - : - 0.30 0.60 0.30 JGS 1221-
with Fixed Piston 0.60 1995
Open-tube Samplers 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 BS 5930:1981
Thin-walled Stationary 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 BS 5930:1981
Piston Sampler
NGI 54 Sampler 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 Clayton et al.
(1992)
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NGI 101 Sampler 0.25 0.55 - - - - - - 0.25 0.55 Clayton et al.
(1992)

ELE 100 0.25 0.55 - - - - 1.90 0.75 1.90 0.75 Michael long
(2003)

ELE 100 (modified) 0.25 0.55 - - - - 0.30 0.60 0.30 0.60 Michael long
(2003)

Propose Sampler 1 0.25 0.55 0.75 0.50 0.75 0.40 0.30 0.60 0.75 0.6

Propose Sampler 2 0.25 0.55 0.75 0.50 0.75 0.40 0.30 0.60 0.75 0.6
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(a) START OF DRIVE (b) END OF DRIVE (c) DURING WITHDRAWAL

g‘dﬁ 4-11 Sampling Operations Using the Piston-tube Sampler
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Propose Sampler 1

5UN 4-13  gunsiiidin
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v v
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Development of piston sampler

for collecting soft Bangkok Clay specimen
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123 mmTyniminssules) AalyImINTIumIans un IneIaeyswy 9.9ay3
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MIsUNIUARRBYNRUTENINNSAURIeE 1 INauILYIN NG
nsnageuAuluiesUfUAN5IAAT strength waz modulus AaEs
< o q v Py A kY = £ o Y
Wunaviliniseenuuuwagnisneaseiauduiudewnniu. fely
fegafuiilinaaevluesyjuifinisdesdianmlndifssduluauy
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wnfigalaednissunuannisiiviedatesiign 93delusinlé
waneifegRumisintan niliannszueniudisgnsuuugnauy
flanmafigavslunivesnauninvesiteguazalddng ogrslsing
Tudszmalvediliinsldnszuanuuugnguegiaunsuatewas laiiinis
MYUANINTEIUTBINTEUBNUTELANT BNTIININTTIUTBINTEUBNKUY
angausa (U ASTM, JIS, wag BS) dAnuuans1aiy fatuauide
Tiwhmseenuuudnenzveinszuenuuugnauimnzaudmiuly
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Abstract

Sample disturbance during sampling process vyields

reduction in strength and modulus of soil specimen from
laboratory tests which in turn results in too conservative design
and construction.  Therefore, soil specimen condition for

laboratory test must be as close as that in the field with

* JilouriuAareUMAW (Corresponding author)

¥

E-mail address: ysiam@buu.ac.th

minimum degree of sample disturbance. Past researches
have shown that a piston sampler gives best undisturbed
sample for clay in terms of sample quality and cost.
However, piston sampler is not widely used in Thailand and
there is no national standard for it. ~ Moreover, standards of
piston sampler of various agencies are different (e.g. ASTM, JIS,
and BS).  Therefore, this research involves a design of piston
sampler for use with soft Bangkok Clay. The designed
sampler is also manufactured and experimentally used in real

site investigation process.

Keywords: soil exploration, tube sampler, sampling disturbance
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waousvedlassadanniulundeld Tneviduwumefideuvihie
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agnalsfinnlumsifiusegaiuiunasinssuniusesiegraniuan
mmmhméfﬁf (i) MsLdsundasvesaninaui, (i QREIGERT
19na, (i) msLU?%EJmLanmm%uLLazﬁmsm’auﬁm’m, wag (iv) N3

WasuwUaaniawail [1] fen1ssuniuddsinlidiedsiulinanns
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Tndidgafuluausnniigalaeinissumuainmafiuiedisesiign
miAfeluefinlduansivdodafumisnannilldannssueniiy
@f’mEJNLmugﬁq‘uﬁamwﬁ'ﬁla;mﬁv'ﬂuudmmammwmmﬁmEJNLLax
Alddne egrslsfimuludsumelnedlidfinnsldnszuenuuugnay
aEJNLLWﬁ"mmmmslaﬂmsﬁmummsyumamawamﬂsmxwmﬁ
ariuanuideifadnuiunsgiuvesnsrusnuuugngui e uas
iuednyuzveInsTUBNUUUgNgUNgaudmiumsl iU Aumile
gaungumn lng@nwinansenuvesdadenneg Ao area ratio,
clearance ratio, cutting-edge angle, LagA31y ﬁﬂaﬁiaﬂmﬂﬁwmm

fegeAunuideniey waennuldviinisesnuuy, Kae, uaz

RPN I SATRER
2. mii‘umumm’mﬁuﬁqaé’mau

Hvorslev [2] Wuauddeusni@nwieatu sample disturbance
NPT UUR AT LEnIN15ana909 shear strength 189910

sample disturbance [3, 4, 5] NANYNAITTEADUN sample

disturbance fifsnndumdeiifiognaiss wu fuwmsluniseenuuy
sampler ﬁﬁﬁmﬁaLﬁuﬁaamdﬁuﬂmqua [6], MIAUINTZUIUATT
reconsolidation i elsléngAnssuilignsuniuvesiiedialu
WoaUfURnns [7, 8], Tonuzirlunisiiudnuidaegrsiiu [9],
AMSANYINANTENUYDY sample disturbance ﬁiaﬂmamﬁamﬁmﬂﬁm
#naqvesiudildainnismaaeuluriosufjiinig [10] uagnisdnass
nszurunsiumedsaulagldnismegeuluiosdfdfinis (1], n1s
AUALTANATIEI [11], waznN1SAILIMTIFIEY [12]
TunarseuiinislduuiAnerdulunisfinenansznuves
“ideal sampling approach” (ISA) disturbance fiofuaNURA199v84
AuifloUsuifiudsnas reconsolidation wasiiiewdlanansznuves
OCR, ¥AYDIAY, WALEAAIUVDINTZUBNLAUAIDENT [1] HAVB3
A15ANBIv09 Baligh et al [11] Ine strain path method lad1aeq
nszveniuvateuuuasd inside clearance ratio (ICR) 88591319
0.8-1.9% GuogiuAl B/t (3333 20-50) WeuATeuuuriing
NARBILATNITIATILHLALAASIIIVUINTBINTLUDNLALAN YL VDS
Uaneilnarenissuniuednann La Rochelle et al. [6] lauansinng
131l inside clearance ratio ann1ssununszlavitliAnnisvenesa
masuirswesiegsruileeglunszusnuaziunudiamesnisi
ﬂmﬂ‘ﬁﬂm Clayton & Siddique [13] 14 finite element Lﬁaﬁﬂw’l
NANTENUVDIVUINVDINTEUBNLAUFIBE4 (inside clearance ratio,
cutting edge taper angle, LLazﬁuﬁ) #i@ strain ﬁLﬁWﬁusstNms
WVuf19819fu HanI15AnwIkanaqn inside clearance ratio (ICR),
outside cutting-edge angle (ymzijLLuaaaﬁwauuaﬂmmﬂmﬂ
sampler), Lag inside cutting-edge angle (guisw’i’mumadﬁu%au
Tuwestaiy sampler) funumdrAguinuag strain Aintuan
sampler fifluaneunauansztiosninfiuszunalae [11] Clayton et
al. [14] uamsian1sifiaes ICR il peak extension strain iRudy

pgrannturuzidegsnunaouddilulunssuenuay peak axial

strain 9zanasuedIulugU compression wiinszuen A1 inside
cutting angle iwafiu peak strain Tugu extension laglaifinafiy
maximum compressive strain Tunemssfudanile taper angle
U84 outside cutting edge Lﬁm%u%ﬁﬂﬁ' maximum compressive
strain WiinTu  Siddique et al. [15] ld¥1n1snAaewiiofnen
Aud1RgUesdnwazlaly sampler on13sUNIUAIBEAUMATED
89U Hight & Leroueil [16] Anw1 sampling disturbance Tagn1g
nageuluesUfiRinisuaznuin modified tube sampler vi1aulad
Winflu Sherbrooke block sampler  sunangeives [1] wag [12]
ANYISNBULNILIVIANAYDY sampler AN LATNUIIIA cutting
edge angle ana 43 NA 1L IAsgIuT 30° 10U 5° A1 axial
compressive strain fAinaINNsEUIUNSHUMBE1IRUIZARATEENS

1NUALAN tensile strain aglaiARTY
3. AsWSeuiisudnuazyaInsTuaniiufAag19nuY

A51afl 1 IUTImLasTeufisudnyuzyesnsruanuvin
GhaqV’?aLLUUﬁﬁLLaslﬂﬁqﬂqmﬁaL‘fJuLLu’m*NLﬁm@”miumiﬁmm
nszvenuuuiigngusielulasaulavunn 3 Srdaduruaiiteslsly
Usselve  Tulssmelnedunisifiusegistunuuasanmluau
iothumeseuluissujoAnislaeiiluaglénisifuieganuy
ASEUBNUNN (thin-walled tube %38 Shelby tube)  Tanaka et al.
[17] lfuansindiegensanmvesiumisasouildainnssuanuig
tulildfrodsduiimdosnnlinanisnaaoudumdaiis uasld
asddinszueniiudiegrsuugnguinasidunisiiudiegisuuy
nszveniiifian (uudvesmsvhanuazalddne) eedlsimudalid
nslnszuenuuugnausgrsunsyanglulszwmelneuaglifiinnsgiu

Tunsiiudiegameisd

4. msaanqué'nmuwaqnizuanlﬁuﬁqaemﬁu

aw o a

foAdeiiiendesiunisfinyinssunuvesimegsiuludnvue
Gha6]LLazﬁfﬂé‘fﬂﬁmmmmﬁumumaaﬁua&iwﬁuéﬁuagﬁuﬂixuamﬁu
Freg19fu TnsianizegreBanisesnwuuludiuves cutting edge,
piston, wagn1seenkuUnszUsnLiufied1s Faduduusiddylu
nMsmuANANA MY iy Ingnoufivfiansandnunizeine
veanszUanIzuansdemAnyidagud 1 nEs1ntiuaziarsan
Snwaeiivuizanvenszuoniiudiag9fie area ratio, inside
clearance ratio, outside clearance ratio, inside cutting-edge
angle, outside cutting-edge angle, length-to-diameter ratio, 153
angu, dundsvesdiegrsinlunszuen, uaznisdufueanain
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A57991 1 MsilSeufisudnuuzuesnseuaniiudiegiafu

N3zUBN durugudnananely ) | Anwen @) | anuvun @) | nsiiuiaegne naln 91484
Thin-walled tube 74.55 910 1.65 ne/aan nNg [18]
Hydraulic piston sampler 74.55 910 1.65 ne/eon lansedn [19]
Piston sampler (stainless steel) 75 1000 1.9-2.1 ne yana/lensedn [20]
Open-tube sampler 75 - 1.1* nn/avn NNNG [21]
Piston sampler 75 - 1.1% nA/HoN N9Na [21]
NGI 54 54 880 1.5 - NG [1]
NGI 101 101 457/1000 2.0 - nNA [1]
ELE 100 101 1000 1.7 - nNA [22]
ELE 100 (mod.) 101 1000 1.7 - nNA [22]
msdnwil 74 750 0.72 nn $19NA
*ANIUa1n Outside clearance = 1%
aeNdl 1 (fe) nsFeuidfieudnuaizveanszueniiudiesnaiu

nszven AR (%) ICR (%) | OCR (%) L/D ICA (%) OCA () angu 81484
Thin-walled tube 6.58 1.0 0 12.2 aidl [18]
Hydraulic piston sampler 6.58 1.0 0 12.2 b [19]
Piston sampler (stainless steel) 8.2-11.0 0 0 13.3 0 611 q [20]
Open-tube sampler 10.0 1.0 1 13.3 %39 10.0 - - laidi [21]
Piston sampler 10.0 1.0 1 13.3 %39 10.0 - - b [21]
NGI 54 11.0 -12.0 1.0-1.3 - 16.3 - - b [1]
NGI 101 8.0 0 - 4.52 %39 9.90 0 - a [1]
ELE 100 6.8 0 - 9.9 0 30 b [22]
ELE 100 (mod.) 6.8 0 - 9.9 0 5 il [22]
nsfnwil 8.2 1 2 10 1432 5 i

4.1 Area ratio

Outside diameter of sample tube (B)
Internal diameter of sample tube (D)
External diameter of cutting shoe (D,)
Internal diameter of cutting shoe (D,)

Thickness (t)

gﬂﬁ 1 Deudwi [13]

a a '

Area ratio (AR) filsnudsaumsi (1) Wurniidvinastrsnnsie
n13sUnIuiIegAulnensrusnus A1 AR anzaniuegiy
UsgLanueed, AN89, Wag sensitivity  Hvorslev [2] lauansinan
AR vansEURNIiufIegsAuidndsiiA1agsening 10-15% 90
MIANYIIRTTINTRINTEUBNAS AaLandluaTeil 1 wudne AR
ogj5eMI14 6-12% uBNIINY Tanaka et al. [17] WudINszUONAIL
Thin-wall tube sampler with fixed piston JGS 1221-1995 [20] b
nssuMusie Ariake Clay Houfign uasAumingumw igoauds

TndiAeeiu Ariake Clay Asduadeon AR wiiuves [20] Ao 8.2%

D?-D?
C,=——¢ (1)
DC
4.2 Inside clearance ratio
Inside clearance ratio (ICR) HgruauaunI 57 (2)  inside

clearance #9naUszasdiiiatasiunisfindnvediagnaseniianis
wasudnluTunsguanlagn1sana shear stress s¥nInailuves
nsyuaniuAY uadeldafasinlmiinnis swell vesdudiainlulu

AsEUan Hvorslev [2] wuzid1A ICR WiAu 0-1% d1msunssusndy




110, 0.5-3% d@115unssuane1IuIunang, way 0.75-1.5% d11su

nsgUone1d (L/D = 6-8)  91ud48 Clayton et al. [1] WU 1

LYY

ICR=1.0% 3n135uniutiesiian laenssueniiiidsimuiial L/D

o

wirdu 10 Feasuladinszuenfididaiauiazly A1 Inside

clearance ratio W1fiu 1.0%

Di _Dc (2)
D

c

C =

4.3  Outside clearance ratio

Outside clearance ratio (OCR) S un1udaun1sh (3) il

aUszasAlioanusuduanIusEnIwlesuueniuiy  US Army

=

Corps of Engineers [23] wuziinA1 OCR Nitianzauiuaumieaiiai

PYRY)

wiafu 2-3%  feagulddnnszueniidindeiaunagld An Outside
clearance ratio W1fiu 2.0%
D,-B 3)

C,=
B

4.4 Inside cutting-edge angle

31U398v94 Clayton et al. [1] Wu131 @1 Inside cutting edge
angle (ICA) fifin1ssuniutesiign fe 1.432° Feasuldinnszuend

Mdaimuiagld A Inside cutting edge angle wiriiu 1.432°
4.5 Outside cutting-edge angle

M397 1 udnIIAIFIuTeINsEUBNA1eqdiAn Outside cutting
edge angle (OCA) Wiy 5.00, 6.00, 30.00 831 wananil Clayton
et al. [1] kan931 A1 Outside cutting edge angle fifinssunautios

ign @ 5.00 aar Feaguladnnsyueniimdsinunagld A1 Outside

cutting edge angle iU 5.00 941

4.6 Length-to-Diameter Ratio

US Army Corps of Engineers [23] L@u03180351d7U L/D A733
YULYABYTENIN 10-20 dM3U cohesive soil  uenNUAWmLYD
NUNNEIAT sensitivity = 5 Uag Clayton et al. [1] uanein Aund

PYRRY)

sensitivity < 5 A3381 L/D = 10 Feaguldinnszueniimdsimmnas

14 A1 Length-to-Diameter Wiy 10
4.7 nsdgngulunszueniiudaee19iu

Tanaka et al. [17] wudnszuaniiudiegsfunifignguidu

drudsznaumeiinssuniuiegsiutosiign Jsagulainnszueni

mdsimwnisiignguiliuvdulsznausie
4.8  dwmisvesiulunszveniiudioeeiu

Chung [24] LanviALnLsvasRuiinIsTUNMUALANGANAY Wi
Aulunmaou unconfined compression waz consolidation azwuin

FuvisignsuniudesiignAesiuvisi 2 lu 5 duandaienssuen

49  msAuANEEN I INATEUBNAUFIDE A

Chung [24] LaAIIINITAUAUIINNTEUBNBBNNNUANBNTZUDN

(@irnsatruiunauiuiiegndiy) dnssuniuivtasni
5. Wan1999nLuy

M5197 1 wananiseanuUUNIasIIAdaTeInsEUBnUIId MY
fumilmngeungavmaiouifisudwauesnssuenuliadu msnad
2 uansnsiUSeuLiisusn Peak axial strains (%) fiinainnsEUaNLAY
fegnsanuanisAnelay Clayton et al. [1]

37 2 uansnalnmsifiudegnaiu Tagunsaiiiimsidsunag
waziiutumndmiunisfiuiegsiudiensruengngunans
swezdoalugui 3807 nszvenguldgnudniuuazvasadliay

Basauandluguil 8
6. a3Unan1Imaaey

nsgvenuUUgNgUilmngdmsuAumieangumweiidnuasded
AR = 8.2%, ICR = 1%, OCR = 2%, ICA = 1.4320, OCA = 50, hay
L/D = 10 lpgaghosnusiegisesnnisuatenssusn @ssduiunau
Wiusegnaiw) warldsedsiisumisii 2 Tu 5 dawandatenszuen
Tn9zLAn maximum strain f18 0.75% (§) waz 0.6% (7<) Feilan
TndfesTuveenszuansilndu (sl 2) widsnnsndauasldu
a%awu%ams‘vimammﬁamsﬂ'&um@iamﬁﬂﬁ (i) nszuenifiufogadl
anuvannfuldilidemeheiwedinisuiuanaudiivisegis
yaanszuenandildeaniuuliuag (i) igmlunisdentiuanssa
yandumlulidafusyninanisrenssuenaslunazueneaanainiu

= Y o

IENINNTAUAIDE19AY Fedpeiin1seanwuunalnidusednsain

a a =

g90u uenanildedesiinisiuIeuiisunanisnadounieg 1y
consolidation uag triaxial szni19f9g9AUNTAINNTIUBNLUY

P
aa

anauuaznszuenuieBuuiisnuauRvesiegnunAvusely

AnAnssuUsEAA

o
a v A

MATeilasunuatvayuniTenulsznatuelianndu
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#ryey1 108/2558
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[11 CRI Clayton, M.C. Matthews, and N.E. Simons, Site
Investigation, Blackwell Science; 2" ed., 1992.

[2] M.J. Hvorslev, Subsurface exploration and sampling of
soils for civil engineering purposes, Report for the

Committee on Sampling and Testing, ASCE, 1949.



a ~ = o oa
A519N 2 MSUSHUMEUNAYBINITIUNIURAIDEY 1A

fn peak axial strain ﬁLﬁﬂanmamﬁﬁmaq (%) 971989
nszUen AR ICR ICA OCA AaNan
an fia & fi9 & fiq o0 fiq o0 BN
Thin-walled tube 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 [18]
Hydraulic piston sampler 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 [19]
Piston sampler 0.25 0.55 - - - - 0.30 0.60 0.30 0.60 [20]
Open-tube Sampler 025 | 055 | 0.75 | 0.50 - - - - 0.75 | 0.55 [21]
Piston sampler 025 | 055 | 0.75 | 0.50 - - - - 0.75 | 0.55 [21]
NGl 54 0.25 0.55 0.75 0.50 - - - - 0.75 0.55 [1]
NGI 101 0.25 0.55 - - - - - - 0.25 0.55 [1]
ELE 100 0.25 0.55 - - - - 1.90 0.75 1.90 0.75 [22]
ELE 100 (mod.) 0.25 0.55 - - - - 0.30 0.60 0.30 0.60 [22]
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