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K, of Normally Consolidated Clays vs. Friction Angle (a) and Plasticity Index (b).

Figure by MIT OCW.

Adapted from: Al-Hussaini and Townsend, 1975.
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(a) Data on Kop of clays. (b) Data on Kop of loose sands for which ¢' = ¢¢y. Vertical lines
indicate values of ¢y for granular soils assembled by Stroud (1988). Open symbols indicate Kop
determined during increase in Oy; closed symbols indicate Kop determined during decrease in
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TABLE 1.~Soft Clays Used in Investigation

u, kPa

Soft clay w, (%) w; (%) w, (%) o /0%
() @ @ @) )"
Saint Alban 48-74 3142 18-22 2.13-3.04
Broadback 42-48 28-36 19-25 2.40
Atchafalaya . 52-78 82 3 1.14-1.22
Batiscan 82-88 49 22 1:62-1.72
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Observed Behavior of K, during Secondary Compression

Figure by MIT OCW. Adapted from:
Masre § Castro (1987)
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Mesti'§ Hayat (1993) CGT 30(4), 647-446 @Md};o.d.,,c

TABLE 1. Index properties of soft clays

W, W Wp CF C”" 6'

Clay %) (%) (%) (-2pm%) (kPa) ool (deg) CJC,
1 St. Hilaire 61-68 55 23 m 834 1.40-1.57 26 0.031
2 St Esprit 73-92 75 27 76 36.5 3.00-330 28  0.026
3a St Alban ] 58-64 43 21 40 327 210-3.37 30 0.025
3b St Alban 2 48-74 3142  18-22 56 33.1  2,13-3.04 31 0.024
4a La Grande 15b 55-59 62 26 53 42.0 2.80-2.95 28 0.057
4b La Grande 23a 55-58 64 26 32 - 82.7 1.75-2.00 28 0.052
5  Boston Blue 27-30  32-36 17 36-44 154.9 3.29 30 0.026
6  Vasby , 94-103 121 40 67 283 1.20-1.34 23 0.055
7  Atchafalaya 52-78 - 82 33 61 99.9 1.14-1.22 22 0.022
8  Batiscan 82-88 - 49 22 80 53.1  1.62-1.72 30 0.030
9  Broadback 42-48 28-36 19-25 46 550 2.16-2.40 30 0.040

NOTE: w,, initial water content; wy, liquid limit; w,, plastic limit; CF, clay fraction, less than 2 pm; o,,, in situ effective
" vertical stress; o, preconsolidation pressure; C,, secondary compression index; C,, compression index.

Fistos K, = Ky (%) C‘/Q=,E;37

Uobe: G = e
A
oy
p
—— EOP e-log oy
e
-log Kop
Kop = Ko(NC)
EOP e-log 6}, — 0(;#”.! Commenhs on E’ e
.
s Stgnctrcont scabler related 4o
> »
> rob
. expermente) problems
Soil Behavior Assumed in Formulation of e, void ratio at the end X
of primary consolidation. . K’;’J #“f'm ’;‘ o‘d kﬁ
4
dursi on
A CCL questions: “hﬂ, SQCOI'I d‘ly “Wﬂ
0.10 k Really high Co/C¢=0.055 2
Clays with F‘
organic content . uﬂ"“lfﬂ’ [ 2 & “‘AIJ
=008 T TS #
PR May recduce or complefely
Il N 4b & ‘,' e . [
2 oosh SBe minaft he /icrense lﬂ&
2 ’ 9 I Triaxial Oedometer
g
2 oA
g 1 B (Table 1) Present Study 5]
& 0.04 |- P P From Literature o o
g =] 3aED |7:| o
Mo 3a r-3a 3b 3a 3a
< 002 f
0 1 1 1 1 1 ;
0 0.02 0.04 0.06 0.08  0.10
AKo/Alogt, Measured
Measured and computed increase in Ko during secondary compression in the NC
compression range. Numbers refer to clays listed in Table 1.

Figure by MIT OCW.




CQ 2fiafey /322 7 Into.

/0

pav

rrrrrr

3. ESTIMATION OF INSITU K, FRom LAB TESTING
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Gk Bt il oy vk fon OCR 2/
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e Z//?ﬁo&/)lfmnr&
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3,2 Bhimaton from K, = Fl0CR)

1) b st of Arr gt K= HOXR)
g . Empuw;[ conalafims
. MK«M v CK,-T%
oo na  Ladoud Shiw Ou.
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Y ﬂw“n apply 3:2 | Lot |
Z) Ao s 3.3 ‘{AM#LM, C'}./\M SHANSEP CK, -Tx Yesle.

& Fecyaert (53) snd 1GSHFE 13, p 13
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1) Mesri § Castro (1487) TGE, #scE 113(3) # Lefebure (1979)

tMasri | Hayat (1993) C6T .
A - d

Estimated A

, In Sit K, mc

&comprcwan /(o ;
Shope = k = oo 'lele!

a 1 N
Ml I I -y 7
q. -/ . I- /
S O;o 0;, - a"’Y &%
60— —
B Test No.
o} —epaT-sIL 1" Y, 2%
— BAT-1’ o 3€¢
BAT-1, CRS | 7 cew i P
g R L
= 80 . Do)[a
; - 1
40r /0114,6/4. :1
_ T : fn cair
Ty, o, @ w20 ?10 w dutr m 86C

FIG. e—c.mo.MhOm—kandomlcompnulonnndcwtmcﬂon
forEsihmﬂngln-snuK,.Baﬁsunchy

TABLE 3.—Estimates of In-Situ K, , and Measured Vakues of K, and [K,}, .

K (Eq. 14 | loh [ ok | - &U#
Soft clay (t/t, = 10,000) (AN on | K (K
(1) @ 3 @ | ® (6) 2oy
Saint Alban 0.55 0.72 0.79 0.26 0.49
Broadback , 0.62 0.66 0.78 0.31 0.51
Atchafalaya 0.72 0.87 0.72 0.50 0.66
' Batiscan 0.64 0.80 073 | .0.28 0.55

V§H Oed. ——"‘1 ' L Abore approach

NOTE! CCL doesn't understand r@wonm of d,a,orucé buit
@grees thet measured K, ot G, m:/ be mucy 100 Low
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¢ EST/IMATION OF K. FRom IN SITU TESTNG .

4./ Tesks Considered § Selectad Reterences

NOTE: ASCE Conference INSITU'86 "Use of In Stty
Tashs 1n Geofechnical Engzriunhg", [284p — many ntw papers

’) Total Shrese Cet < Farth Prassure Cetl ( Ep)
o Massarsch ¢tal(1575) ASCE ¥ SiTv 75 Cond
. Tamiolkows b’ afal, (7945)

2) /{yC/VGU//c‘ /C/ac/urn;j Test CHF7)

v Sce above

3) Salf Barimng Pressuremeter Tast (S857)

» Bagudlin,elal(197) The Prussuremeter and
Foundation Engr‘nccriy ) Trans Tach, ﬂ;é[, Cer/mny , &1 P

' 7ém1c;/,éqwfé), etel (1985)
1) Marchety Difodomater Test (OmT)

« Marchetti. (1980), TCED, ASCE, 106(3)

¢ Froc 15 Ihter Sym. on Penetraton Teshng , /S0PT-1,
Or/ando March 1988 | 2Vo). [3alkema

o Tamiolkows ki, etat (194)

LN 1 I
NMor7  1)-2) §3) 'MQO.SUI’L” 07,0 = Gpo rU
5 Therefore need /hJQanJenf 2¢stmates of Ubofu o
obtarn Ko~ G'/M/a'w ‘
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Jarle s
4.2 Total Stress = Earth Pressure Cot/ (EPc)
1) Seg Shee? EMHI - Fig.)
D) Inherent €rror = i hagle Ky wibh mseamy OR
3) &"M?/ buut rmathonl for L OCR Clae

gég ﬁl,3‘ /(/}/O/I’OQA(; Ff‘lCﬁlN';)y Test (///‘7') Lefebyre (1490)
mm 1) See Sheet E/#) Fi3 2 .

m - Hocadun | s Y

BELE . £1 ¥

«
N
~ariGanac

‘2) gjer/wn ctel (1972) “Limitud k<l foget verfieal cracks (L )
3) defebvre (19%0-nir) - Can SH gt verfeal Cracking for Ky 21
Treat as hid shess ity expension(rather then ncressesm

pore pressure > Crack L A 03). 7, 9 Uae of fare WW
44 SQ/I[’BOI‘N:’? ﬁ(ésummzﬁr 7esF (S8PT)

1) Sheek S/-54

2) Historreal develypment 11972

English = Camkometer  French— PAFSoe
v 3 /ﬁd(ptnc/cznf/)o,ocm ~ lelerwed" stress vs. stam

T= & dP/dE = 0.434d P/ dlog (LyN)

v Kesultant values of ¢, USually Mmuch too _/H6H
' PAFSOR " Camkometer
- End effecks  Yes L/pz2-% WMo ifprg

Disturbance  Yas 1£ B toolow
Variable € Yes

p&r/ra‘/ c/fmhagz ?
Anisotropy. My ( of/omlc.)

)

]

1
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4,4 Cont.

3) Use o tstmate {/)o incﬁmgutfs
Parsor (s/)

CAmMkomEreR (52,3)

Which pre ferred ?

9) Some resutts (S4)
CAlr STP dubr > ﬁaméa,(m\,@

5) COL Conchusn s siphssing vtili of

{5 Marchadt' Dilotometer Test (Om7)
/) 3 beek DI-0S

2) Tastng Techmgue (p1) - THS (388) Gt gt
7ofal Costftat = ’)’g’,s‘t/o

3) Overview of Omr :Drza’/éﬁc))as" CALL EmpreicAL
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4.5 Cont.
4) Materia) Index | T < _DF
) Ct/ / -—/_)
bo -Us
Marchath « Reflects pmc{om/hanf' g ragm size”
(1980) AP Fsol stitfaes - rapd loadiy) ,
o« Bo-uy < F (orl shenghh~ 00 )
S ;
<p Sor/ C/OSS///CO}ZIan
<o,/ Peat § Senshrve C/ay
o CLoy P
035 Sty CLay o
0.6 C/ayqy ST
0.9 SILT

/2 Jana'y N7%
/) S//?‘/v SAND
5.3 SAND

5) /7‘0#2007‘&/ Shress 'Indzx/ ’{JD . R-u,
O

- K, "uncemented § not aged” (D2 Fug /)

(D2 Fig 4 - Other rasults)
» OCR = 0;0'/0'\,'0 "uncementd " Iy <r2 (D2 Ay
OCf?-(o,skp)/'°6

o Undramneel shear strangth :uses SHAMIEP Egn
¢/, = 0.22 (0ck)*® (&frxmw Sim)-

(v) Moclulus: ), +Ip PRy +Bpy = M =//my ./
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7) O,ufpuf from achuel Test site (D3-5)

B) JHS (3/5%) promotes for ¢ estmates (ko sk egupment)

S CONCLUDING REMARKS

I) /?/’M/‘w/ Uary 0{’4/0
9 B.W fr CAAO Keconpressam echnipue ((dence K, s musch o
Apr for 1-0 Metopbideten. fo Gy & dn pags 261 28)
Y Begunid alsday prud fo. FE anabyss |
) 7% atimels 7%, MIMWMU@M
) Versbos wn T, |7,
P tmplecty, assume WT ot GS Gmd Vo=00 > %= 2k

- Gho K, 3%+ 3V K
¢4 < 4 = . *0'5 > f
0...vo 23 )Iu 2 k 60/0;0
oys oy

2 20,/ > a7 o = £0.05 Lo 1,00
f (o "O/Vo /’S' /’Zf
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Injection of water for membrane expansion

Hydraulic |
engine
Pressure
gauge
Reinforced Rubber Membrane
Self Boring in stiff soils
L ~26.4 or 52.8 cm Measurement cell
Dia=13.2cm

£
Lp=2or4

hole

Slim pilot

Cutting Tool

Self boring in soft soils
Drawing of the autoforeure presuremeter (supplied by F. Schlosser).

Z

SBP Type Pafsor

Figure by MIT OCW.
’ Adapted from: 7b£ya ( 77)  French PAFSOR
. . Cmﬁn_f orve mechanism qbove
measurement (Upansien ) celf

» Inflated membrance durng insertion (Wor R1GI0)
« Expansion Via. water - AVERAGE Pvs BY

; |
| —hfai-%‘m-m
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(*) Diamete; =84 cm

Rod Weight = 90 N/m
E |
&
g 7 / W |
ngitsh CAMKOmETER
= % 2 s
g Cutter * Cutfirg drve mechamsm of greund Surface
% Cutting . (WMJIMS)
g Shoe
2
&}

100 150 200 250
Cutter Setting d (mm)
16 kN/m3 Figure by MIT OCW.

v { ————— 20 kN/m3

Adapted from Clarke (1981),

Cutter Setting for Clays, Applicable to
Camkometer Type MK IIT*

Flushing Water

Slurried water and soil

Cable and Gas

Gas Return Line Pressure Tube

Spring

Rubber Membrane

Feeler

Pore Pressure Cell

Fine Thread

Clamp

Camkometer

Figure by MIT OCW.
* Mambrane. agarnst RIS hollow cylnder during 1hsertron

» Expanswn wa 903 pressure with measurement of Ar by 3 “#eclers’ (Vectne sensors)
— 3 separafe Pvs €0 Ar/r  (or use average €)
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(@ Insoft clay at the
Panigaglia site

Depth = 7.5m ”&1 '-/:#o‘ff.‘f’ - 0;.

Below Sea Bottom

"1::1:‘:/“’: TkPa (Q) Maw‘ 5 Mtﬂo"

ST: Imv = 0.0189mm *“M %
(b) Shit Clay: 3 feelers—
,..:1.....1 dhr{h’mf%

Radial Displacement ST (mv)

o0,

llllllllllllllll/x

Radial Pressure TP (mv)

TIrrrrrrrrrrrrrrrrrr

1T rrrrr1ri

@ In hard clay at the
Taranto site

Depth = 7.9m

— = 5mv

TP: Imv = 7.3kPa
ST: Imv = 0.0169mm

Radial Pressure TP (mv)

EXAMPLE OF LIFT-OFF
STRESS

11 1 | I N [N NN IR U N N S SN S S ——

.'( Radial Displacement ST (mv)

Figure by MIT OCW.

100 |-

Best fit
80f

60}~ Po for Best
Fit Line ™

40

Total Pressure TP(mv)

0 1
-400 -200 0

Effective Pressure EP (mv)

Y

Po Determined from Total vs. Effective Pressure Plot . A'mmﬁ F, % “"0

_ ApP-» tou - ’
Figure by MIT OCW. g . ;

Adapted from: Wroth (1982),Lacasse and Lunne (1982).
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Overconsolidation Ratio

G.W.L. . . 10 20 30 40 50
(0 =— Fine to medium 0 T T T T
<— calcareous silty band ° }GI', from Oedometer Tests|
T\ occasionally cemented
z 4= 4= o
: T IL Oedometer
6] 8+ Stiff to hard micro-fissured 8 o .
z '1\ weathered silty clay () 8§ .
2 121 12+ o & -
2 S [
§ 16 4 ngd to very hard 16} O -
. - n‘.lllcro—lﬁssured o CRS Oedometer
S *
20 4 silty clay (*) 20

(*) High CaCO3 Content. Ranging from 15% to 30%

(**) From Instrumented Oedometer Tests:

KRB= kNC. (OCR)® with K, = 0.58 and o, = 0.47

Total In Situ Horizontal Stress

0 040 080 120 o, (MPa)

Results COMKOMETER - Shif Clay Sife

0 T T T T
Rankine K
4 passive state - Po = Lift - off pressure
P Average of three strain arms
8 _@ i © ) = Range for each strain arms read
& individually
EA\G
12F ga — .
= b Total In Situ Horizontal Stress
16~ o) - _v" at the Taranto Site as Measured
7 o = Ovorkp + 2edKpHuo During SBP Tests.
20 1 1 1l
4 . (%)
Gho = Oo Ko (OCRmin)”™ +
Figure by MIT OCW.

* Mot of Godate axcead Rankint passe Gp!
7y |

Adapted from: T@miofkow ski, etal (1988 ) e SF(8S)

Total horizontal stress and hydrostatic pore pressure
Uo; on (kPa)
0O 100 200 300 400 500

@ Pafsor L/D =2}p0 —1.051£0.117*

41 O Pafsor L/D =4

Gho
m Camkometer: 22 = 1.017£0.059**
8 Gho
g Best estimate
= 121 .0‘/ Oth
~ 00 °
O i6h o
E o .
@ 20} o0
e 7\ Ko
g 24 Uo -\

o
oao  Ky=0.56
| |

28 -
p Y

Ko=0.48
1 1 1 1 1

32

(*) Tests performed in 1979
(#*)Tests performed in 1982 average of three
strain arms readings

Total Horizontal Stress as Obtained from SBPT at the Porto
Tolle Site.

' ] Figure by MIT OCW.

Adapted from: Ghionna et al. (1981, 1983).

Resurts PAFsoR 1 CAMKOMETER - Soft- Clay Site
Meen of Scatferad dade = reasonoble K,
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1.5 Materials Free of
:\_2 Cementation, Attraction etc.
8 1F
2 08f Ko = (Kp/1.5)°47- 0.5
0.6
0.5F
04 x
0.3 L1 T T | 11 1 >
1 15 2 3 45678910 15 20 30
Kp
A
50
401
30 @ 619 Materials Free of Cementation,
20k o. 58 Attraction etc. In sample unloading.
055
// - RARD
S 10 V/Vl
E /o /
LI /V/ — — Cohesionless (Ip > 2)
[ / .
— — Cohesive (Ip< 1.2
® 4 /| o./— OCR = (0.5 Kp)>*6 (Ip<12)
° 3 / ’,. .2 to .3 «— (Denotes Ip)
= /
2 /7 /
5.5 4
Figure by MIT OCW. P s
- 1 2 3 45 10 20 30 " Correlation between
5 Kp a) K, and Kp; (b) OCR and K
Adapted from: Marcj)q,ﬂc (/?90) (a) Ko p; (b) D
Type
3 T T T T T T 1717 P
° 7
M (K0)0'47_ _)/
= Ko= = 0.6 //
& 2r ¢ crust)% 7 7
s 7
o
2 S
8 o
&~ 1 -
T 09F .
g osk Ko= 0.34Kp |
s 07 .
= 0.6}~ -
.8
e 0.5 -
L‘L‘: ——— e —
A g 0.4l——— Holmen silty | o
' © | Homensand; _ sand _
03 1 1 I T N |
! 2 3 4 5 678910 20
Horizontal Stress Index, Kp
Symbol  Site Reference Ko
L1 Halmen  1-sin¢' (¢' in CADC)
I Drammen Stress Cells
e Drammen - Ko - oedometer Relationship between
-
e Eaga Field horizontal stress
aga leld vane index, Kp, and coefficient .
A Onsay of earth pressure at rest Flgure by MIT OCW
HH Holmen Self. . at NGI sites. s .
e Haga elf-boring l
= Onsay pressuremeter Adanted from: z
e p Lacasse § Lunne (1188)
= Onsay Hydraulic Fracturing
ZL3S0PT-)
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1 THUST
M KE)
SEERE RRLEER
B3t
8.92
9.5
10.14
10.75
11,3
11.97
2,58
13.19
13.80
1441
im0
15,83

1620,

TEST ¥0. D-9

LOCATION: D-9 -- BLADE ORIENTATED EAST-WEST MEMBRANE FACING HDRIH - DmTr ot e,
PERFﬂRHgD DATE: ' 24 FEBRUARY 1987 : o -

B DR. CHARI.ES LADD, IIMWIN OOSTERBM", ALFRED I!\’ERS, JEFF BIJODUIN. sm CUFFORD % ' '

CALIBRATION INFORMATION: s Zm - -
DELTA 3='--mm' DELTAD * = .43 BARS - GAGE 0's WS GUT EPTIL00 N

O ae

'1 B8 = 1.019 KB/ON2 = 1,044 TSF = th.31 81 - AALYSIS USES K20 UNIT ETEHT = 1000 TS
,. °§/o 0'/;" o G |
A B B .10 KD U0 GMMR S FC DR K0 . CU P N . SOILTWE
((BAR)-(BAR) (BAR) < (BARD - (T/N3) (BAR) ~ {BAR) (BAR) (DEE)" (BAR)
SRERE BEEER REERR RREEE RREER RRRERE RRERER BRREESC LREEER BNl **iﬂ EEERE RERER RREEER  RREEERERERER
S0 100 79 LTS 920 0 LB S0 LB 240 147 0.6 6787  SANDY SILT
020 840 ST L2 590 LT L0 L8 S02 S5 LIS 2.7 200 SN SIUT
S.A0° T80 75 52 698 LG5 1000 .S A9 7.08 LA .26 192 SILIY CLAY
500 1080 1B LA 597 LOT L0 L4 30 B39 LN . 23 NS SHOYSILT
L0700 9. 1.07 309 9 L300 L4890 LET 271 .9 He.2  SIT
80 10,80 Z3M. 192 AL L7 1,900 .73 607 824 .9 2.3 MAT SILTY SAND
B.O0 1580 30h LES K0 LOTT L0 .92 %041 120 2.4 641 SANDY SILT
B.60 20.00 2. 163 B 1136 190 849 1291566 1% 2.9 9029 SWY SILT
550 T80 8. A0 K6 LG LN L0 S0 STT LAt . 03.6 LIV CLAY
DS T2 2 .30 AR L2 LI L9 S0 532 LOF L5 @7 CLaY
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