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Suction Measurement Techniques

Suction Principal Direct/ Range: kPa Equilibrium

Value Usage Indirect Time
Vacuum Desiccator Total Lab. Indirect 103-106 Months
Psychrometer Total Field Indirect 300-7000 Months
Filter Paper Total Field Indirect 1000-30000 Weeks

Matrix Lab. Indirect 30-30000 1 week
Porous Block Matrix Field Indirect 30-3000 Weeks
Thermal Block Matrix Field Indirect 0-175 Days
Suction Plate Matrix Lab. Direct 0-90 Hours
Tensiometer Matrix Field Direct 0-90 Hours
Pressure Plate Matrix Lab. Direct 0-5000 Hours
Osmotic Tensiometer Matrix Field Direct 0-1500 Days

# As defined by Aitchison and Richards (1965).

@ High Air Pressure ua

®

Soil Sample

l O Ring Seal

1 Bar Y . J/ Pressure

(Air Entry) P - Transducer
Ceramic \ / Flushing
| i T | Negative 15 Bar ©
Pressure  (Air Entry) Ceramic 1 Air Trap

Pump

Water Reservoir—>

Water Reservoir —

Tensiometer-Suction Plate —

Direct Measurement of Soil Suction: a) Tensiometer; b) Pressure Plate Apparatus

L1

Entran Ltd EPX series Scale of mm
Electronic Pressure Transducer 0 5
Stainless
Steel Sheath
e
15 Bar —- \ Electncgl The New Instrument
Ceramic connection

Water Reservoir Thread
O Ring Seal

Figure by MIT OCW.
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Two Filter Papers

} Total
(noncontact)
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A

Papers (Contact)

} Matric

Contact and noncontact filter paper methods for measuring matric and total
suction, respectively.
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A typical calibration curve showing measured filter paper water contents for
applied suctions.

Figure by MIT OCW.
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—— Whatman no. 42 (Fawcett and Collis-George, 1967)
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Calibration Curves for Two Types of Filter Paper

Figure by MIT OCW.
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Hypothetical Relationship of Energy
VvS.
Interparticle Spacing
(Ilitic clay at low salt concentration)
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l @ How MCC dporatts; Vias Wiz, meag
¢ - &,(0¢) = 7’% ~ £, 043

cKolwe) = F(v, M fm) > Koxoss

‘Kd«yuwlyuldato;:, <0',;'

log ay,

() 7[«:/« raed fo et V) M fm > Some Ky fn OCINC Lay.
Wl v umde, Fant C
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53 MIT-£3 Model of Clay Behavior
() Frmudaton desnchd by Whalle § Kavmdas (1794), h35

JEE, 120(1),773- 198

() Thase mepn. conparsnts
1. Elaato-plashe aratel fo NC cluy vhet mcaprates amicofy
+ See Fig. 2, Skt Fly fp nebubed. gutet W:AMW

Co Figd, 1 o MC CKUPSC/E

2. EﬁﬁMMMMMMWﬁWW
/Uf,m,m‘ WMM«V o '
- Jet 7510, Sheet F1, fn W*»tw/q%
L ow /C;9;4‘) 7t ,ﬁwwm b(j\w

3, Bmdwvmfaufl«m&ubﬁ W,MWW
path - depindent prharin. of OC clogs
+ Set Fig i, Shet FI, g plaske shae. (AF) fn pelppsony by VL
¢ f‘_lj 2, it w ,MWM
T X 2 ST )MW/\W/{OCOL"
(3) h/mi,omamuvlaq, : Tablez , Shet F2 - /5 parametes
&) 10 Cnorlidadem deti wbhmiasuimint f K, = 7 paramchus
b) CKUC ot Oclr/ 12, CHUE af OCR= ] 4,;mm‘
c)WWﬁM%MWM#lfW(GM

d)5/ou¢;l¢¢ol'"/o»t&a4m" v ¢ Ancaod ¢ pan
Cptuon. of Driondn m.“, AnsoBgRs > spaomatin (1)

() See Tateo 1 §2 fr vabisso of parameton fo. Hose. el
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p/OJ?‘/é Potential
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(M Susfoa (= H(T0) f G ]
TG N/ K
5 |
Plash, Polentcat - 1tdahere
Magntuds of 8,77 §,°
G'O)d; S\/P

MCC CUCIE OcR=1 (M=12 § m=08)

MO/Z.’ % MIT wa‘ e 'Zf/dc’, 0,34-4.‘“:034{

——O0—— 1c: (Au-8q)jq = 0.455 » As= 0,95
——9—- TE: . " :0,385'—-)‘:: =/,28!
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04 F / " /@c = 30°
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/:Nm 5/3/10,5 (1971) Koscor /ﬁcmn;/ Vo/lure. : .

.¢6

pILTA
Extended von Mises Farlure Criterion

90

8o

1o

(44

: —g_i =M wik g LV (00 (60) (66

oct

vam/ﬁj b C2-G "'_',"5,,;¢ - 3m .

7 -03 M(1-28) +6\ 747432

=15, Hy.= 34.9°

More: m>.s >

N / e > 90°

0.50 0.7% | 1.06
b+ (0G-5/(G-)
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Void Ratio, e

Critical  m—
state cone

R: Current overconsolidated

stress state

V: Stress state for "Virgin normally

consolidated clay"

I: Image point

— X

Void Ratio, e

Current load n
surface, f,

op

loge (mean effective stress, ¢')

Conceptual Model of Unload-Reload Used by MIT-E3 for

Hydrostatic Compression:

(a) Perfect Hysteresis; and (b) Hysteresis and Bounding Surface

Plasticity.

Ox Oc

Boundary surface, f

Yield, Failure, and Load Surfaces used in MIT-E3 Model

Measured Data: Ladd etal. (1971)  O'Neill (1985) |

OCR: 1.0 2.0 4.0 4.0
Compression/Extension C ECECE CE
Symbol CeQen oo
— MIT-E3 Predictions |
7
50
04f 8 >
()
02} s
& -~
/” ..
= e 0
5 0.0 *
© A o
=
-0.2 1

-0.4 1 1 1

0.1 1 10
Axial Strain, Ig, I (%)

Evaluation of MIT-E3 Predictions of Undrained Plane Strain Shear Tests on
Ko-Consolidated BBC

Figures by MIT OCW.
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50 SHEETS
100 SHEETS

22-144 200 SHEETS

22-141
22-142

)
AMPAD,

CCL 2256

Whittk (/993)’ %Mu,m #3(2), 289-313,

Table 1. Average index properties of three clays

Property Boston blue Empire | London
clay clay clay
w: % 42 76 5
wp: % 21 © 26 28
I: % 21 50 47 N
I:% 95 36 5
Table 2. Input parameters for the MIT-E3 model
Test type Parameter/ Physical contribution/ Boston Empire London
symbol meaning blue clay clay clay

One-dimensional e Void ratio at reference stress on 112 1:26 1-2t
consolidation virgin consolidation line
{oedometer ~
CRS, etc.) 2 Compressibility of virgin normally 0:184 0-274 0172

consolidated clay :
C Non-linear volumetric swelling 220 240 650
behaviour
n 1-60 175 1-50
h Irrecoverable plastic strain 02 02 (131

K-oedometer Kone K, for virgin normally consolidated 048 0-62 0-62
or clay

K -triaxial

2G/K Ratio of elastic shear to bulk 105 086 099
modulus (Poisson’s ratio for initial
unload)

Undrained [ 9 Critical state friction angles in 334 23-6° 22:5°
triaxial triaxial compression and ) -
shear tests: [ - extension (large strain failure 459°t 21-6° 22:5°
degrees criterion)

OCR = 1; CK,UC

OCR=1; CK,UE ¢ Undrained shear strength (geometry 0-86 075 0-80

OCR =2; CK,UC of bounding surface

s, Amount of post-peak strain 45 30 39
softening in undrained triaxial
compression

) Non-linearity at small strains in 007 020 020
undrained shear

¥y Shear induced pore pressure for OC 05 05 05
clay

Resonant column* Ko Small strain compressibility at load 0-001 0-0035 0-001

reversal

Drained triaxial ¥, Rate of evolution of anisotropy 100-0 100-0 100-0

(rotation of bounding surface)

* Alternatively use field data from cross-hole shear wave velocity type tests.
t Recent data (Germaine, 1989) suggest ¢g = 40°,
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Adapted from:

Ring-cutting edge assembly
during specimen trimming

To Lateral
pressure control

—
—

LOAD CELL

Silic-
on Oil

o

Soil Specimen

Oy

Vertical pressure Transducer

Pore water

Pressure control

To Laterol strain sensor

Op

Special oedometer for measurement of horizontal pressure, together with measurement of vertical pressure at top and
bottom and pore-water pressure at bottom

Figures by MIT OCW.

A
160 - St. Hilaire Clay
Hil - 2
Z gli ) ; Slope = Kone
- Slope = Kop =0.55
120
"ia = 129kPa l
QE sol- Oy, = 83kPa ®
L
©
401
Slope = do}/c\= Kt
Peay
0 1 1 1 1 1 1 >
0 40 80 120 160 200 240
G;,, kPa

Specimens HIL-1 and HIL-2 subjected to laterally constrained (LC) compression
from o, and specimen HIL-3 subjected to LC compression after consolidation
under equal all around pressure to point a.
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Symbol Reference Remolded | Undisturbed Reference
O AV O Al Hussaini &
0.7k Ob<e0 Townusend (1975) Q Brooker & Ireland (1965)
o ] R. Ladd (1965)
N K= (1-sin ¢ AVvEe)» . .
0.6 glhse. NS (1-sin ¢") <+ xeo Sherifetal (1974) o e B.IShOp (1958)
Y < Simons (1958)
N A Campanella & Vaid (1972)
K, 3T Py Compiled by Wroth (1972)
v Geot. Eng. Inc. (1976)
0.4 . + Abdelhamid & Krizek (1976)
0.3+
1 N A £0.05
20 24 28 32 36 40 44 48 0.8
R An = _qi "+
Friction Angle, ¢' (Degrees) I~ ~ Ko=(1 -sin ¢)£0.05
Relationship between K, and Friction Angle for Normally Consolidated Sands. 0.6 -
Ko
N
3.0f 0.4 =
Subangular to subrounded sand , , , , , 9 N
Dso=0.125mm Cy=1.5 = (m=0.6) 12 16 20 24 28 32 36
Data for oy = 11.3 kg/em? ~
251 o~ D, = 100% Friction Angle, ¢' (Degrees)
- Eog\)](ci; — (OCRY™ // Ko(NC) = 0.43 A
0 /7 -
< 20f ) _(m=04) 08 v vy
o ~  __ Dy=25% o
5 Ko(NC) =0.55 06
3 15 K.
3 ’ ®
0.4 Ave. for Sands from top
1.0 n : figure of previous page | , L
1 1 1 1 1 Ly 0 20 40 60 80 100 120
1 2 3 4 5 6 7 Plasticity Index, PI (%)
OCR =6y, / Oy
Effect of Overconsolidation Ratio on K, of Reid-Bedford Sand. K, of Normally Consolidated Clays vs. Friction Angle (a) and Plasticity Index (b).
. Figure by MIT OCW.
Figure by MIT OCW. gure by
Adapted from:
Remolded | Undisturbed Reference
Q Brooker & Ireland (1965)
o n R. Ladd (1965)
1 [o) [ Bishop (1958)
< Simons (1958)
1.6 A Campanella & Vaid (1972)
® Compiled by Wroth (1972)
1.4 0 v Geot. Eng. Inc. (1976)
12 0.8 + Abdelhamid & Krizek (1976)
K Note: m for OCR =10
o
1.0 0.6 -
9
v V!
0.8 m 04
A .
0.6 ~ "7 Reloading
from OCR = 10 021
m=n Ko(OC)/Ko(NC) = OCR™
0.4 ' EEERT e 1 1 1 1 1 1
1 2 4 6 810 20 0 >
0 20 40 60 80 100 120

OCR = Gym / Ove

Ko vs. OCR for Haney Sensitive Clay During Unloading and
Reloading.

Plasticity Index, PI (%)

Coefficient m Relating Ko and OCR vs. Plasticity Index.

Figure by MIT OCW.
Adapted from:

Figure by MIT OCW.
Adapted from:




A O Clays from the literature
© Soft clays from this study (Table 1)

0.8

The Jaky Equation
Kop = 1 - sing’

0.7

0.6
Kop M.exwo C1f£y Clay
0.5 Diaz-Rodriguez
o etal. (1992)
0.4
03 @
02 1 1 1 1 1 1 1y
16 20 24 28 32 36 40 44
Kop= '
Ko(NC) ¢', degrees
A
o8r Loose Sand
The Jaky Equation oose Sands
0.7k Kop =1 - singey
The Terzaghi (1920)
0.6 Data point
Kop A
0.5 l 0.5%0.1
0.4} o
0.3 @
0.2 1 1 1 1 1 Ly

20 24 28 32 36 40 44

'
Oy, degrees

(a) Data on Kop of clays. (b) Data on Kop of loose sands for which ¢' = ¢¢y. Vertical lines
indicate values of ¢cy for granular soils assembled by Stroud (1988). Open symbols indicate Kop
determined during increase in Oy; closed symbols indicate Kop determined during decrease in
Gy at op/cy = 1.

200 1 1 1 1 1 1 _17
St. Alban Clay
160 1.6
1.5
120
) 1.4
v e
-
© 80- Gp =80 kPa 1.3
Oyo =33 kPa
1.2
401
1.1
5
0 1 1 1 1 1 1 1.0
0 40 80 120 160 200 240 280

'
Oy, kPa
Laterally constrained secondary compression and associated increase
in o}, in triaxial cell.

Figures by MIT OCW.
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Soil Behavior Assumed in Formulation of e, void ratio at the end
of primary consolidation.

Triaxial Oedometer

° =]
o o

A CCL questions:
010 - Really high Co/Cc=0.055
Clays with
organic content
U] et
g ¢ & 6\,
! 4b
=] N_ @ o
2 006 =
1 9 I
15 oo °
Ef. of B (Table 1) Present 'Study
X 0.04 |- 5 2 o From Literature
3 n3ao e’ /6] @
> Ol e3b/S0 33 B
v 3a 3a 3a
< 002 f
0 1 1 1 1 1 ;
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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.
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Injection of water for membrane expansion

Hydraulic
engine

Pressure ]
gauge

-

Slim pilot
hole

Reinforced Rubber Membrane

A

Self Boring in stiff soils
L~26.4 or 52.8 cm Measurement cell

Dia=13.2cm

Lp=2or4

A
Cutting Tool Self boring in soft soils
Drawing of the autoforeure presuremeter (supplied by F. Schlosser).
SBP Type Pafsor

Figure by MIT OCW.

Adapted from:




Ground Water Level/Depth

1.0

0.8

(*) Diameter = 8.4 cm
Rod Weight = 90 N/m

0.6

0.4+

0.2

150 200 250
Cutter Setting d (mm)

v { —— 16 kN/m3
————— 20 kN/m3

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

Figure by MIT OCW.

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.




T T T rrrrrrrru
[ ?)/"E @ In soft clay at the
R -~ 4 Panigaglia site
=L :
E L i
= _ Depth = 7.5m
[:, L o . Below Sea Bottom
s b . —=2my
L% ) ] TP: 1mv = 7kPa
= L _ ST: Imv = 0.0189mm
S |k -
<
~ -
L g 4
i 1 1 J Lol L L 1 1 1 I-
Radial Displacement ST (mv)
@ In hard clay at the
Taranto site
Depth = 7.9m
= — = 5mv
g TP: Imv = 7.3kPa
& ST: Imv = 0.0169mm
s
-9
=
5
£
EXAMPLE OF LIFT-OFF
STRESS
Radial Displacement ST (mv)
Figure by MIT OCW.
A
100 -
Best fit
80f
>
_ po for Best
57 o0 pOF't Li >/
= 1t Line /<— Do for 45°line
et
=
% 40
3]
-
(=W
s
°
= 20
0 1 1 >
-400 -200 0
Effective Pressure EP (mv)
Po Determined from Total vs. Effective Pressure Plot

Figure by MIT OCW.

Adapted from:



Overconsolidation Ratio

G.W.L. . . 10 20 30 40 50
(O =— Fine to medium . I I I
<— calcareous silty band S } op from Oedometer Tests
T\ occasionally cemented
z 4= 4 °
: b IL Oedometer
o] 8+ Stiff to hard micro-fissured 8- S 7
3 '1\ weathered silty clay () 8§
° & &
2 12 12 IS -1
= - o (5
§ 16 4 Hard to very hard 16 O -
| micro-fissured ° CRS Oed.ometer
20 Al 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 0.80 1.20 o, (MPa)

0 T T T T
Rankine K
44 passive state - Po = Lift - off pressure
o Average of three strain arms
8 _'@ A © ) = Range for each strain arms read
& individually
N
Rk 7 -
% ! i Total In Situ Horizontal Stress
16~ % ke ; 1 at the Taranto Site as Measured
7 Oho = Ovokp + 25&-})*110 During SBP Tests.
20 / 1 1 - |

NC 0/
Oho = Ovo ko (OCRmin)” + u,

Figure by MIT OCW.
Adapted from:

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

0
® Pafsor L/D =21 p,
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Vertical Strain, €y (%)
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Figure by MIT OCW.
Adapted from:
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Adapted
[from Ladd et a1, (1988)].

1.2
Recompression Strain vs. Preconsolidation
Pressure from Oedometer
1.1 Tests in the Soft Orinoco Clay
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Figure by MIT OCW.

Boring Symbol  z(ft) OCR Ip (%) |
El [m] 56-134  1.05+0.03 37+5
F1 (o) 27-128 1.20+£0.07 55+10
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Figure by MIT OCW. Adapted from
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Figure by MIT OCW.
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Liquidity Index, L1 = (W-PL)/(LL-PL)
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Figure by MIT OCW.
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Incoming solar radiation
less reflected radiation equals \
net radiation (Ry)
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Figures by MIT OCW.
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Figure by MIT OCW.
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Figures by MIT OCW.
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TROFICAD RESIDUAL SOILS®

c.2. Ladd 1.322 /81

1.7 DEFINITICNS AND SPECIAT, COMEOSITION

2.

1.1 Uropigal =m *32% NH=5
Bepidual soil F in gitn weathering of rock to produce soil,

1.2 cCompeogitcion of Tropical Residual Scoils Iin wWarm=-Wet
Climates

tl) Crvetalline rock and poor drainage + smotbite

t2)] Cryetalline rock ard good drainage « Red Latarites
(algn called Oxisols) :

+ Haglinite plus Fefhl. oxides (reddish colox)
- Low "aptivity" with a lot of cementation
» Toneidered "good" ME so0il
{3) WHeathering of veolcanic ash/rock + Andisols
Halloy=ite [tuh&e + spheres} plua amarphaus.
alumina & eilica (wvery high S55A hul low syrface
chazga) and maybe smectite {tsuwally dayk oolord

- Gemarally nigh Y and F.T.
» Tonsidercd "poor™ MII soll

0 CHABACTERIETICS OF RED RESIDPDAL EQILE [LATERITES) WHICH
JETEH EZ(UUIRE DIFFERENT ENGINERREXNG FRACTICE [Compared +o
gaturated sadimentiry clayal.,

2,1 Index Testing and Correlatlons with Arterberg Limits
(Bee Mitchell & dicar, 1382, for examsles),

{1} Halloyaite
Tobular structure = wvery low dry density
» Dehydraticn when dried :

(Z) Fe & Al, oxides plus silica gel act ag strong cementing
agencs,

y Decreasea effective S5A
Highly variakle in aitny

*

Pane: diacuazions apd Proceedings ASCE G2ZD Spec., Canf, on
Engx. and {emetructicon in Tyropical and Rasidual Suile,
HEoendluld, Hawaii, Jan, 1982 (Avallabfc LTom ADCE] -
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A3

Drying 5011 ¢enckally incraases amount of cemertaltion
a2l roduces plazticity.

Euount of mechonical remolding gan greatly atlecl
measured Attorkerg Limits (moro remoldiag - increasced
plasticityr.

Conclusions

. fCan't ves anpiriczl ecrrelatlorns developed for
tonperate olays

A0y corvelition with indox oreoDoriies lizelsy ta be
vary scattared

detosogohelty
(1)

Frofile characterized hy differentiz]l weoatherirg =nd
cerentation.  Sce Brand (1982) for classificatian
ayester Zor koo Kong.

Eecause of shove, properties highly wariable arc

. Updisturhed sanpling difficalt tz perform

. Coawvearlonal size sswmp_as don't ref_oedt mass pronorbics

CorrTu=sons

»  Bage design on local exderience andfor large in zitn
testing

Seturdation - Bain_all

(1)

Ll
—_—

Zzrala of mairn intersst usnally oeoour above the waoter
tabra 2ad azec charactorized by

. TFartial! eaturation
. Gemerally high in =ity oermeobility
ilow bo Acfire o in pertially saturated soila?
. IL & » HLR, 5 o= T probabily reascuable [(discor=
tinucua air woids)
. Otherwisges, muat gonaider two components=, L.e. g o=
fylo-15] — 2, lug—lgy) _
Variztion in oy, grestly affect slope =tzbkility
.  Sdrcasorable variations
. Effect ol heavy ralnfalls

., InTlu=ance 32 pmodifsring dra nace patterna
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155 Tests, 50 Sites Southeastern USA
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A. Gneiss, Schist, Granite: Sowers 1963
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B. Basalt, Quartzite, Schist Gneiss: DIB 1985

Relationship Between the Void Ratio and Compression Index in Residual Soils Derived from
Crystalline (Igneous and Metamorphic) Rocks.

Figure by MIT OCW.
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Figure by MIT OCW.
Adapted from:
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Vertical Distance (cm)

Northeastern US Varved Clays
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Figure by MIT OCW.
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Typical Compression Curves for Connecticut Valley Varved Clays

Figure by MIT OCW.
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Coefficient of Consolidation
(Vertical Drainage)
vs. Natural Water Content for
Normally Consolidated Varved Clays

* See Ladd (1975) for data sources
** From square root time method

1 ft2/day = 0.093 m?/day

Figure by MIT OCW.
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(a) Effect of Lateral Drainage on Rate of Consolidation from Different Theories with
Isotropic Permeabilities

Strip Load
H/B =1 Double Drainage

0.75 Note:

tso = Time required for U = 50% at the
centerline of the load

0.50 [~

tso(2-D)
ts(Terzoghi)

>
Ky/Ky

(b) Effect of Anisotropic Permeability Ratio on Rate of Consolidation for H/B =1
with Double Drainage

Figure by MIT OCW.
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Note:
Accumulated deviatoric plastic

strains during excavation €, < 5%.

Note:
t=9yr
Rupture Surface P = 20%.

——

&0 = 20% &P =5%

Strain-softening starts when
€oP = 5%. It is complete when

9 years After Excavation

7

/

//
7N
7 Rupture Surface

Peak

0 Scale 25m
J

@ 14.5 years After Excavation - Just Before Collapse

Typical Analysis (S3): 3:1 slope, 10 m high, K, = 1.5, Surface Suction 10 kPa. Contours of

Accumulated Deviatoric Plastic Strain, €}

Figure by MIT OCW.
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first-time slope failures compared to the range from empirical information.

Figure by MIT OCW.
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Boston Blue Fore River

1 2 4 6 8 1 2 4 6 8

Overconsolidation Ratio, OCR

Undrained strength ratio vs. OCR from Field Vane Tests
a) Boston Blue Clay, [-95 Saugus; MA

b) Connecticut Valley Varved Clay, Amherst, MA;

¢) Organic Clay with Shells, Fore River, ME;

d) Jmaes Bay B-2 and B-6 marine Clays.

L2 2 Clay Organic Clay
2 (0165  m=096 Mean
> 0.74 m=0.83
EE/ 1 1 1 1 1 > 1 1 1 L
=
O
<=
o
g; A A o
ﬁ 1.0 -
£ @ I A
> .6 B
=
s 4 -
P James Bay
Connecticut Marine Clay
2F© valley varved clay 7 O B-6 1.35
0.20 - 7 0.16 - :
m=0.93 O B-2 1.18=m
0.17
1 1 1 1 1 5 1 1 1 1 ;

Figure by MIT OCW.
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Figure by MIT OCW.
Adapted from:
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CHANDLER ON UNDRAINED SHEAR STRENGTH OF CLAYS
(1988)

Empirical correlation

embankment failures,
1.0 | | | | |
X A
\\\ Estimated effect of
= 0.8F ~ anisotropy -
= \\\
S
E =S
~ 0.6} Estimated time = —
= ~~
S effect, ug ~—_]
; 1
g 04 Modified o —
O _ Azzouz et al., 29
(cufield = (Cu)vane - Ma - 1 ’
whele wvane” TATTR] (1983)ASCE JGE
02 | | | | |
0 20 40 60 80 100 120

Plasticity Index, Ip, %
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Figure by MIT OCW.
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CHANDLER ON UNDRAINED SHEAR STRENGTH OF CLAYS

(1988)
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Figures by MIT OCW.
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Measured Cone Resistance, (q¢)
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Figures by MIT OCW.
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Figure by MIT OCW.
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Figure by MIT OCW.




Push Head  Electro/Hydraulic Hose

| Controle Unit
+ Read out

Cone rods conducting hose > || —
S
Standard cone rod >
Cone rod adaptor > ( A
Amplifier housing > 720
Contraction ring > [ v
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Pressuremeter module >
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Contraction ring > —
Cone sapper > 400
Dummy cone >

Full Displacement or Cone Pressuremeter

Figure by MIT OCW.




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.
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Figure by MIT OCW.
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Figure by MIT OCW.
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Schematic of deformed shape of rubber specimen under constant height direct simple sheer conditions (y > 10%)

Figure by MIT OCW.
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Figure by MIT OCW.
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A-Line Source of Strength Data
Above Below

@) (] Field Cu/c",: Larsson (1980)
L A Lab CKoU t,,,/c",.: Table 3
() O Lab CKoUDSST,,/G', .- MIT
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Plasticity Index, Ip (%)
Comparison of field and laboratory undrained strength ratios for non-varved sedimentary soils
(OCR =1 laboratory CK,U testing)

Note : Linear Regression lines for clay data

Figure by MIT OCW.
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Plasticity Index, Ip (%)
Undrained strength anosotropy from CK U tests on normally consolidated clays and silts.

Figure by MIT OCW.
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