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Studies on the Disturbance of Clay Soils and

the Improvement of Their Sampling Techniques

Synopsis

Disturbance of clayey soils due to sampling causes excessive changes in strength and
consolidation characteristics, and hence decreases in accuracy in the design of foundations
and earth structures. In the paper the author makes, at first, fundamental considerations on
the disturbance for the benefit of better understanding. Secondly he carries out laboratory
testing to find out the unique relationships between the changes in strength and consolidation
characteristics and the residual effective stress of the disturbed samples. Thirdly. he studies
the effect of temperature changes and air content of the sample on the disturbance, and
finds out the latter to be as great as that due to shear deformations. From the above studies.
fourthly. several methods of correction are proposed for these characteristics of the disturbed
samples. Fifthly he makes considerations on the disturbance during sampling, including a few
methods of judging the degree of distrubance of the sample. In the last part he describes
some results of the field tests so as to investigate the relations between the method of
sampling and the decrease in the undrained strength, from which a most suitable technique
of sampling is proposed.



REOWCEEY T U Lo kD HECET BHE

® &

v e TR ORIME TR O CELELIR Y IR T O MIE T IEE AR B L LT b,
AUT T TS, AT CELOTRIC S 2 £584 51 7:

Lo TH

GRS ST

SCRLECAE

Tobto TRHLOBFEIOLA ] HNOBITHI X

Bl 2 AHOD LA O E WD EL 70

LB MO Sy OFSE
s TR CH T ONTO B AR 7, KICGERERIC

OB c HEIM OTAL R BN Th COBHO AL IR 2R ORTA LT - — Hih % M
ERRN LA TO BEZS LU PO R AR B RIT TR B BB,

CODDRBEIL , Wb KIS, ¥ 7 ) v 7 S ELh & %

AN OEROE B

T HATERICL ATy > 7 ) o 2 i EsERT & o

MAMKL, ZORPITIS AT, BYLEbh Ly 2 7 ) v 2 ik iR L7

Fr Bl

T BRI OIRB L T R A Bl D
IR AR A I C B O HENTHH O, 1t AL
CTOMAMELAIO EC B Wit D IC BRI R, f1h-
HELP N R eI R I h 5,

IR O FIFRM R A G B AR AL T T,
PiA G L 720 BERE OB BB OT S AN DA E
MRS A i b b Ao, Buidx—v o 7,
:qTAManL HROTA BT LERLTHE
HAEML, iy o5 o 7 EHIUTR BN DB ol
DRt L TOMR L EL T, Ikide Ty v
YT TR L AENARTAH IR DN L E NS
EE DL, LAl v 2L S THOR A
= ARMA E O TOMRKEETH D,
A P CHLIEFSNCE A F OO Y I &
AT EIIINBTH L, kT T oy
N ZOMBTRE LT, L HABRLSHOh T —
2L L EDLMIL TV AKRBE RV, Lics- TR
PRI E FOR BB 3 LUOEIR & S BEOBRIICA
WRERABRETHLE 2 L9,

VTN 2L TERAMERRT L EBBOE (LY
Ol N L EDINERE TR, PTEAL (M)A
AN 5 OMMEE OB LBERAROMEE A A <
2T, THAHAACMOIELTHICK T TV L, BRI
WML OB, TOEEHE—TH . Tbh(ABLOR
BACL - TEOMHDF L CRE D, HE WSR2
~3HD LT D
FitE+ O CELE A CELE R O HUC W TidHvorsle v
(1949 )5b) Kallstenius ( 1958 ) BB DA

R 4N

L 99—

ol ) BEXMET OB THL, &
FRIC A~ B,

BEEKTTAT 7~

EHWFE L. AR AR L (A In ki, LK
BEL SO LM AT, 2 ARRAHOILNORE ©@fHiK
RS L A WBERT S 2,

196 9% 2403 THMINAN 7 LEEHHERRT
FRATHTIHBIRA ST Lo 70 2 7 |4
AATR (IGOSS, 1969 ), X4 20BN
Y7 OGN HIYTW 5,

1) w7y R

RIS B & /77 3

m +HDFEH RGO > 7Y v s

V) 7Ny 7OH

ZH9H ) KON\ TidThE TR OMERD b, i)
KDOWTRAIEO BT U A S8 i e BNE K
ELTWYD2L ) #L0V) K2WTRIHIK BT
Dy HTAROMMHICREO EL L ~N_EELLTW

DAl

1) Bt e B IICLBEAROSTIE L REME O *
WL TN Sl
i) AROHLZXDT 74— 2— L F ORI
RELZDOG A X aQEZ TR L 2R EORTIH 2
HF, B9 T VERBD o, 2 SFRITHERI N,
TS THRGRAI DI E DB BREE SN %5 7% (1GOSS,
1971 ),
TAAHBREMOBRICMHLIEDO—RELT, 200
TR LOBEHOLI - MIBTRICHERL, 851
HBAKOEEHEMEL T A, £, BACh LORE
WCIHER Y B CETh, KNP LUHNTOERK
SLBEBEORRLT U AOTINLORER TP LIETFDE
BEXAX REHALLOAMT 2 ADORBEN LB
TENTRAR(RA, 1966 S@F, 1969a 38t



1969b sMm&, 1970 20kumura, 1971 8
PR A BETTL 1967 o st RgHIL I 19718
ELAL ML, BREL 1969 tHuAL ML BMEI1970 ),

gt o a 2 &0 H 408 LT Tt
AXO D CELE B CEURTE~ DI DWW T Tt
Bty 7)) o T ODELE Y v 7 iihody

E DN T~ %,

ThRbL, Y TRBICH O ELIICET -1
ER i T, D HKH I 4BIL DO TS %
Wi B, TV A RV O ¥t O 1) PR E O EL T Ly
AKORMAT ML) & NFE & O—FM b~ D, D
oy REZEL: LU HTTOERI D CEIZRITTERE
ERL, BLANORERO BN DL, ThHDORIRIC
MWa, BLINAAROT RS CEINE~DOMF R R
5o

EB¥TREROY 7 ) 7T A h A E XD ER
FEBL, v 7)) 7 HEOHNRR LD E~OR R
ail, BEAHZALCEAROY v 7Y > 7 e HE
+ 70

8 % X M

1) HvorslevwM.J. (1949) : Subsurface
Exploration and Sampling of Soil is for
Civil Engineering Purposes , Water-
ways Experiment Station , 504p.

2) 1GOSS(1969):Soil Samling, Proc.
of Specialty Session No. 1, 7th Int.
Conf. SMFE, International Group on
Soil Sampling, 110p.

3) 1GOSS(1971) ¢ Quality in Soil
Sampling, Proc. of Specialty Session,
4th Asian Conf., Int. Soc. S. M. F. E.,
Int. Group on Soil Sampling, 96 Pp.

4) Kallstenius, T. (1958 ) ¢ Mechanical
Disturbance in Clay Samples Taken with

Piston Sampler, Proc. Royal Swedish

Geotech. Inst., No 16,75 p.

5) AU, WITEG, BHBI( 1969 )1 rhHL
D= ) o 2R TN I AR G4
PRSI GFRY, 8 %25, p.p. 3~ 20

6) HA—H], WITEAL, B|ASIL (1970 ) DIRHKSE
D= YUY T Y 2T AR (HS
), BB, 9% 44 p.p.43~
63

7) BEHIIG (1966 ) 8 BIHNZT L L HLABEERD
BB LR - BN sGRBIEROS T — 1]
AL Py + 2 n@ . p-p19~24

8) SUAHIL (19 69a ) t¥EXHOMELICHT LA
FCHIH) — ¥WHhkL WAL LMALE
B o— | BRI, 8% 14 p.p. 59
~84

9) WMEMHEL (196 9b ) Itk OMELICH T LHt
F (M2 ) — TRHME L Oy > 7)o 7S L
NN DN T—, HEEIEHDIRT 8, 8 % 3 1),
p-p.77~98

10) WAL (1970) I WEXfon2EITLD
IPASEO B E EDRE, SN v RS
L= 2 ARY T 2T BT DT E R —
#BXW, p.p.67~78

11) Okumura,T.(1971):The Variation
of Mechanical Properties of Clay Samples

Depending on its Degree of Disturbance,

Quality in Soil Sampling , Proc . of
Specialty Session,4th Asian Conf., Int.
Soc. SMFE, p.p.73~81

12) AL, A BILER (1967 )2y
Wy Fa—7 WML 2, 3OMEE, koY
IR LARXH, p.p.41~48

13)  BUEHAS, KEIEEL. W R (1971 )RR
Kod CELIMNT 2% (M3 #) — mpidAmK
ML oMb K LRGBS LUEFRRR — | &
BHRRA S, 10%15, p.p.77~106



1. BLTOMCEICHT I—HRNEE

1.1 OB s CEICH S ZOREL
111 Rtomass

e e o A L DI, S DN - QP D)
DIBEIGIND oo TV, TOH HLEOTIFAEIC
4 YRR L ORER L X O TD S,

kAT B S O, B S D LT ENIM
WT D, FERRBHE S HNON-f #iEr b, Tolh
ALK AR E TR WL T S ORiNini b 5o M
AT A AT THME R ( 1 RER ) TH L5 &
(LU T s % BB TP S B Ly AR AR T
YA (2@ ) &b AFERIIADA Lo
THEAL D& TR S L TR AL 2L CE W1 R p R
LT b, ARG WL TR T BN & %

LT Ay T RnRAEAICE L, FhERORSE
MR T LA RO TH LA, HMILOERAL & D
S MR E G B, TO Lo I E
Who T b M BIEIC T D, ORGP HT BT bk
BHERANTWD, OO HLORRMILLOELTRES T
Yo+ 4+ (Montmorillonite )\ 171 F(IIlite )
#4014+ (Kaolinite ), G2 onl o, IiAK
O¥EETIEEA T4 R BEN L b d,

AT OAEE — 1L 1T Lot adtko o )R
(Silica,Si—0 ) &8k ¥ 79 4+ ( Gibsite,
Al —OH ) 2B L AHOLORTRESL T,
BA DA TEBFAR D oA R TRNL,
RBIIZ LR LT—20R (&K T Do B ST O L
SRS b 2 20 £ K D b O TILBRIS TS Do
L -4 T 1Ok (i) 2R b B Kbt b Line
£ (i X 1,000 A, 1 10000A BB 6MBANE Lo
Twnd, chicd Ly o+ A bid2Ddhr Y DR
W= OE T YA P AL T 4 P 3 MU R &
T\ b, RO A o b 25 fICE S OTHE
¢y R PR T (T 10K eI 1000 K BB
OAGRMR )0 17 4 Ml U< 3 M T B b AKET
EH )9 Ll Eh A G 20 fICE S DT,
BET. NAXLLKEHEDPMEL - Tnd, TDOLD
REHOEEIC L » TEORE IEHBCRE D, FITE
~NDREOHESE LA > TRET OO 2 2R
% 64 bo MEEHORA—BICHBRTHBA, FPICH
~u444+ (Holloisite ) DX OKHEFRDOLD

o
-0 -2 3-0H-3
1-Si +4 I-Al +3
30-6 3-0H-3

| SILICON TETRAHEDRON ALUMINUM OCTAHEDRON

pe——— -

[ —

720A

— 9 —

WG-OH-G
SECTOU

B—11 R8P0 58S

4 0-8
4-Si +16
6-0 -2

HYDRATED SILICA Si2Os

W 6-OH-6
) { 4-A| +12
GIBBSITE Al (OH)s

C Y { 6-Mg+i2
6-OH-6
BRUCITE Mg (OH).

(@) I RCFNOD KA

|
|
|

N AN AN A AN A
/C)@@Q\g@ 6-OH - 6
o L 4-p1 12
g:gH "0
4-31 +!6
ST so e

ATOMIC STRUCTURE

- 1
(Gibbsite) |
_(silica)
G

SYMBOLIC STRUCTURE.
b) KihHEOER (A YF A L)



Hid

TV WOLEBT Pt i

(9

WHOWEFH 11—’

Ai1suap abioyd 3o04NS= O (b)

D310 39p}JNS 21}193dS =y¥YSS (£) jubiem Djnwioy _
°(HO) OW auoinig . g A4100dDo 3abBuDYOX3d UOIDD =039 (2) (O X DInuiio}/bBisy5 =Ayisuap abJoud (1)
Buouys Kiaa au 2
oous g o1h B 05 1v 24 (HOME T BW) *(HOI°%0 a110145
ON - - - 91qQ01.D, A1D : ~ e
Of-S [Ot-2 | s1q010A | AjDId ww&ﬂ.&.&& 0s2~ 002 E.;Mm” _oﬂ -8[1y15) ®*o¥e 1y W)
008 [O1% | pNsy 83U9|0A (9uli~) m v 9}1u0j |1 10WwjuOK
: I *(15) (4OBNETIY)
Sk | SLO|_-00.| s6 f1-1oep Siasus Euvcw.w“o; ool w03 By Ajuioiy m HOF=0 #{is) wnipos
on| g1 |99 |s*% vﬂv. pose fued fol] _%nvm_u.omwma 9 *(H0)°20° (iv'1S] | (0ow snoIpAH)
~ SaND| 4 |OA 298 + ~ -9 Ul | ~910 By’
08 | S2|4p 0up Bu1puoq-x o mw_i_swz 910%(34'BW"IV ) % alN 1
bepuodxe Noom BN 205 94"V U v oy
3 0ZHU *(HOIZ0 *[iv '15)
S| 22 | oo |Oas, | waouon| S193US | (gienon | 025 051 | PRSI oy regpe; | OHINONWIA
- 005 Kiownsd yoom 1510 v K|UIDW (93°1v'OW)
R
. 36.0]| Buoujs £oan 94 9aADpy (DOIW)
ON| 22~| 0I-1 | OI-¢ AiD|d | "10At99s 4 ose (burl~) MHAZOMSAY) YV PN n
Adan BuIpuUOQ- 1S 10j 1Y 34HA0oSNW
ngO=1 Buionds O=u pejoiphysqg
ON saqn 1961p) §! anoqo
g1 |os-og| 2i~ |"00-q! 4 Noom 4d9oxe 8~ m“ %Of ONIcmAIQQOqam_ *iv)| a+1sA0IIDH
SaA 1200=00| MO|[OH 9A0Q0 Sy b eU po,0IpAH
Buoys
ol € [(e20; ATNED)
uI.I: $400ys | BuIpyoq-H+
ON| 21 |SI-0I| €~ ~ 1y 104 BN M 8 Olg?ry i ajiutjony
ao. mo. P | 10uocBoxD4 ow.:oomuboom ¢ 1S 104 |V (HO) ©'0*(1S) V) !
] 6 6
00w (apacs)| (o) | (30| 92!S | 2d0uS | Buipuog Awﬁ“ﬂ_ww% uoniysans|  10quAS 01N WwioS 0B W
Jo aaysJaju snoydJowos|| {pJN}oNJIIS .
A 36 S%ww ao,wo 9191}iDd 1001dAYL | 4 Ui Ewo‘_oco_ 118D jun

e ORAE T EMEO@ONEL EICRINT A 40T S5,

T OFEREBIRRE £ O B FLIC, ikt F b

LT EDEN, 4

Bibao,

FAL T

Y4 UG SN @ U o K )

“

BREFERORL S

(isomorphous substitution),

Mt XHORE TR LI f 0
ol f TEBL Hh T

4

il 'lli 12k

{8

%

LT h &b iy~

.

LI QY 25 - ' G A W (£ R B S a1

CREFYEMBIORDE £ O L, — R BFEOMm,

— 10—



CRBAAY (2R A )2 5 TV, KRICH
14 2 FXORMBEDEC, Kb T % b OB T
HELTW5, TORBARROKEER A TH L0, &
B 33004 RERCKES L, 2O % %M (double
layer ) &FA T,

AN OLRsACHEREL, chrhfT~NE/G 1+
IO L T D eI B i<, ¢
D7)t Guey — Chapman BRIC L - CEHEH T HZ &
TE, A4 OBE RE, BROK)OWES LUOR
BIERIN D, &2 A+ o DR -FEO BT E,
4RO ) TINER Y, REOANEWIERBRDL S
{ladoy TORH—EDOANOTTICHhLOBEICL -,
TH{IRBEA R b, Ld . THoMBRARE - T
 Bo WO TN NOZTILIC L DAL
TL5DTHAED, TN EnbITO 4 4 AR
CHEBINDL T E2NL, F 7ok o0 e HC L Ee
ANL0T, ThoDOELEINCY AAEXREYRIT T,
L# LGuey—Chapman FRi&IL 2 ¥ Mo Hic T Lp
WHIN T (COBNTI L OIMEHBBETT% - T
D)y EEORC A NI Lo Wl &SRl & TAE OB
A F A D LR ORI A WG DI s, L Dhy
FDIVAE BT B3 & A otingk FIgT 5 LTt
JHRIAET RO, BBAHOUNITIR LAY TDOEND
WTHICA L T ENRBMICEL Lh TWnA,

Voo L ST FOREIR f OANE I LR S
AL R AROTEEIRRHIDSDLLFRY W TH
Bo L7t T DT Tk § Kl BB L KU
MR THLE L D, L LK FORRINEL NS
ARIC G L 2R AR O RCE T 2 b DR A S
Pl AR IN D, kst ) ar g b ORNY
AfLekld-—Ho o n 4 ) 4 4 PGB+ L,

WALORFEICL D - MR - ORCEIE card-housedk i
LRYICH DL K & AR ORI & AWM A
GO THEREL TWLGA % (edge to face contact )
SRR AP AT L A KBETHERR L 72 0 4 £ { (face
to face contact ), ZOHNTREETCH 1 A4 » OH KIS
WER TN D, KB+ WL L THOEE
- RO ETE NS CERATE SV, Lol A
HdZORSICERIN D,

1.1.2 ?CEUCH > BT

WIATH~N 22 L SICHEOB A — V7 2ROB T
% flocculent structure ) &%, TWLZ &
i, UL, Chad <D &R ( dispersed
structure ) IZ& b, i EEEL (cdge to face contact )
M TP AR BEFNIE S E iHRTWS (Mitchell

and Houston, 1969 ),

Goodman and Leininger ( 1967 ) it <&tk
H2HEETORALBREAKROFFHMMEOHME LT
B LOLDCEKIZEMEOTRBR KWL b T
Z <, INFICHL RY, Mitchell and Houston
(1969 ) 25T 2L oL LA TMEBEOTILAK
AERGEERLTVWEIDLEEDR A,

Mitchell and Houston (1969 ) iX&t#}t (sensi-
tivity ) OFKRE L T8 DOBELIEML TW2, o0
9L —F 7L IV ABROBARBEEI L (extra
quick clay ) DOEEEZHIBLIOTHH, 14T
KPP LU+ £ v 7 — e 23BN T ( slightly
quick clay ) DOEFEHRELZ D, v b~K+BE %V
b —4 L RGP OB B (medium  sensitivi-
ty ) EL2LbBENELTWVS,

oL KEOMRITOMBLHAICE > TR
KRZDBLOTED L5, THAHMCEHCAEDTIESD
PN EROBEOLTILRIBBLZKEHERL TN 5,
L2 L, KA REIBEOEIL Y TROICERL LN D
ab TR HE D Ry D CELICHIPE 3 5 TR L IR AR
KR BB OHMORENRIFLBTD 5D,
SHHINAAREZRETHLLELL 9

7+ &L ( disturbance or remold )& ¥R 7% H R[]
i . recover or regain )Aidb, TD2DF /b o
' — ( thixotropy ) & L THILNABBR T, ni&FH10<
SLIC K BERAL & fHd o0 & UFR@SICE BRI OoMB L & &

HAAIML THILT SRR E/H L T b, v+ Y b o
qu Undisturbed Strength
‘ L ]
' G meen + 0968 (kg/cm?)
L3
)
! *
015 Qu+004logt
% ' * . +00%4
:: [ g
s: ,// »
o // .
! . 'y
. ’ Somple No E-26-
00w L .
. s 23314 .
4 ’ 24324 &
$ ‘ 25334
! 2 S 10 20 S0
— Time (day)
B— 1.2 Flshhiohst O HEE HH

@ vHERHEZMER

— 11—



T K H wi%)

v ABRM 27(kg/cm?)

o] ' 26
B— 1.2 Julshhfogdosn o se o)
— il R AT BT S D IR g 01
A B — 1. 2130, 1.2 @k ¥ RS ALY AR
RS L 2 DWW T ORER T A A A (Rl
R bR LSRIEIC O L0 (SBRUL 12107 TH B,
B L ORI O CEL )T LTI A CELRIT
91 ILF-+020 28 HIOMA NI Figdl 0%
W AED D 9 0% D 1,0 ] L RN FE A 4 ol
BLAWEN G T B, L2 IE— 1 2@ LA
VOHY - T il -+ 5 4 o Lo bR i A CELSMIELD
FET AL, 2x 107 KEA R HIIhb, R
MO LR ARG TR L9, B — 120 AGH
PO SEEL AL LEHO L 22 A BRI DL T ORI OB LA O Kl
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POyl o) (—1 35 )

Py -—=log P

. 1nositu void ratio | €o

=13 D (AEONWE

fa) Schmertman ®2 (AL

N THEHRENOEBETCHRA T L4, LAds
ThH < ELHE &AL O 2L L ORI 62T h T n
7\,
ii: Ladd and Lambe ( 1963 ), B4 ( 1969 a )
Ladd and Lambe ( 1963 )ik %r (EICLE
LABMCHOBRTIAD L, BIEER T & Mt £ 28
LT, KA TEDLINS A I ARABOREE ] (0.
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