CHAFTER 2

LITERATURE REVIEW

2.1 Definition of Undrained Shear Strength

> In 1776306k 3 éfofiamfiis failure criterion for
the shear strength = - 1 —
/ | : ~— -

where:

o fle noriial Sfkess at the failure surface

# is the Eno srnal friction at failure

e failure plane, the

b¥ess, then
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and a.s shown in Fig.€2.1
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However, for most calculations regarding the stability

shear stress was ;-plf J

of a aoil mass, we generally uses the failure relationship which is
a straight line. Thus, it is expedient to represent the Mohr failure

envelope by the Coulomb equation, called the Mohr-Coulomb Envelope as

shown in Fig. 2.2,



A failure criterion of greater generallapplication is
obtained by expressing the shear strength as a function of the effective
stress, 0 ££° “In accordance with Terzaghi's fundmental concept that
the strenyth and deformation characteristics of soils are governed by

the effective stresses rather than the total stresses, then

and

T
where:

u te at) failure

c ¢4 apdh 3n intercept

E - - gletof internal friction at

fail iy Y ;
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2.1.2 dot fhé |# = 0 concept, Undrained
shear occurs in pr t:l.ca . , eficver -:; loads changes at a

rate much faster thag she rate at which the induced pore pressure can

stssgnce. UBANGNIHEIDT e 1 o

case of clays where the claysf remain atgmonstant wat@y content during
cecens Pl od VS Fhed UAR Y LNELT AL ey i
behave a.a a cochesive material, To obtain the cohesive strength of a
clay both in situ and laboratory test can be conducted as long as these
tests provide undrained condition, though such tests generally yield

different results.



The assumption is generally made that the undrained
strength of clay is dependent ypon the water content and the precon-
solidation pressure, The failure criteria is also generally based on

@ = 0 concept.

For rapid construction involving saturated cohesive

- soils, because of their low m figient of permeability upon the

application of a stress tet i "o time to drain out of the

a induced a exess pore

applied stress duri \ \ .Lme, dependent upon

the loading ca:ﬂiti \\\\
upon Agj, ﬁﬂz,.ﬂﬂi 2 ’
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apparent cohesion, when coiSide i 0,-, 'is used in a stability

water pressure. or fully carrys the

um s du, is dependent
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analysis carried out i
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that the shear st Iw e Initial effective stress
i J.U

in the soil, pm\rld.l.n that the a mg process is indentical.
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closely to the actual field condition are necessary for engineers to

analysis(SKEMPT K va—-ﬂ- GG e e e d on the condition

investigat.a any stability problems. However, there are many difficulties
in doing this. In the laboratory, we can not simulate in the specimens
exactly the in ‘s:i.tu stress conditions, and samples can not be taken

Wwithout disturbance. The ideal undistrubed sample, or "Perfect sample"



(LADD & LAMBE, 1963), inevitable has to undergo stress release on
removal from the ground. Field testing also has problems with

interpretations. Therefore, both in the field and in laboratory,
the strength of a soil obtained is limited by Eha mede of failure

us ing difffrént types of equipment which may not correspond to the

Table 2.1 listSySome. e & col methods for measuring

Table 2.1 Common me, ' mel surine ained strength (LAMBE &

Ins itu measureme

1. Vane test dered to give best result,,

d as to strength of soil

4 | with which an Belused and difficult
L [\ .-. |}‘

T
2. Penetration _! st Give orudd correlal ‘n to strength

1. Uncorffined Compression Hnlr. general purpose test, under estimate

AR TNV T e

2, UU. test in-situ Most representation of loboratory tests,
Confining pressure because of usually compensating of errors.
3, CU. Triaxial test (ver estimate strength because disturbance
at in=situ confining lead to smaller water content upon
pPressure reconsolidation, especially in very sensitive
clay. -




2.2.1 The Direct Shear Test

The direct shear test is the simplest of all the
methods of determing shear strength and was first used by COULOMB
(1776) . The essential elements of the direct shear appairatus are

shown in Fig. 2.3

The soil k that is split across it

middle. The confini h-(,w.r then a shear force is

applied so as to c3USC between the tweo part of

’//// \\ 5.3 t orded as a function of
7//% \

ange in thickness of the

box. The magnitu o
the shear displaccen
soil specimen is U depth of a particular
spil, the streng toil is drawn as shown

in Fig. 2.4

The direg though simple and relatively

rapid, however ,‘Hes dvantages.

a5 AI" e failure plane 1s not ::-:

e weakest plane of the

s0il sample - u re-dﬂ: ﬂ re of the test, This
disadvanta ﬂjﬂ ﬂl,\]thh with undrained
tests

ammﬂmum'mmaﬂ

2., Most of the distortion occurs in a thin zone on
unknown thickness, The strain in this zone, which determines the
shear resistance, is thus guite different from the displacement between
the two parts of the shear box divided by the thickness of the speciren.
- Therefore, it is wvery difficult to get other than qualitative stress-

strain data from the usual direct shear test.
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3, Drainayc conditions cannot be easily controlled.

4. The stress conditions across the soil sample in
the shear box are very muyléx because of the change in the shear
area in the split shear box with the increses in shear displacement

as the test progress, causing unegual distribution of shear stresses

and normal stresses over thel\poténtial surface of sliding. The total

> shiould, therefore, be divided
by the area of the STPFEINESurflice 4t FaiTure, and not by the initial
area of the specimeg "‘-\"\""'\‘“.‘ rected area should be

used in determininggng '/// - \
: »

normal load and the

failure,

5 rated samples of many

types of soil che he changes in stress.

6. Thefe ‘, , Jguestion of the effect of
laterral restraint by f,the shear box, which is
unknown. &

AY
-:; ed that the stress
conditioning and st¥aip restraintsgimposed by' preconsolidation are

seeaer wnefll L SLEM FMELITNG crsomar concresason

test than in the direct sheaf test undem. a natural Sphte of consolida-
cion N DANA U LA VN UQLLess, e

q
strength obtained by direct shear test is less than that obtained by

the triaxial test.

SANGARIYA VANICH. S. (1973) Compared the undrained
shear strength profile of Bangkok clay obtained from the direct shear

test and-the field vane test. The strength from the guick direct shear
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test is lower in 1.0-3.0 metre which is in the weathered zone than
cbtained from the wvane shear test from the weathered zone. It was
proposed that it would be due to the fissure of this zone. Below

3.0 metre, quick direct shear strength was higher than that of vane
results which contrast teo the result done by HANSEN & GIBSON (1949)

who pointed out that the guick shgar box tests should given values

from quick direct she e Yhoh 18, banl oW han from vane strength

he vl S5F rest gihated with OLSSON (1928) in
' b oo

Sweden and was developgfl jmto i €d form by CADLING and

L
. J

ODENSTAD (1950). The tesf o cbtain a direct and accurate

amount in-situ ugd¥ ied shear strength with ccononically under relative

e
AY )

&+ Sampling and testing
|
i
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out to the soil and the vane is rotated with the torque to bring the

little sopil struc ?_‘;" «

mEttnﬂB¢

soil at the outer edge of the blades to failure at the rate of 0.1
degree/sec (6 degree/min). Fig. 2.5 shows the vane blades, protection

shoe, casing and "Geonor" Torque measuring device -
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The shear strength of the soil is evaluated from the
torque measured., Equation 2.1 gives the general formula usually used
to convert to the maximum torque, T, required to rotate the vane to

obtain the undrained shear strength, suv

LA LB N R tz'll

whaere D

issumption)

-

- : e in the sizes of vanes
A

used, depending o :E ol r differences in vane shape

i¥ |

from the different eﬁ ent ma.nuf ures, there seem to be world wide
— ﬂ%&%ﬁ&ﬂ%@w bl sgetex /o) ratio of
2, The ASTM. ‘.FST. Standard B~2573. ngludes these ggquirements. When
o -ammmm NBIINYIAY
T "
5 L_ {6‘;?} - T EE R LR -IEIZI
bt %p>

when using Eq. (2.2) which includes the assumption that

B has the same value at both the ends and side of the vane generated

failure cylinder about B6 % of T, and therefore S_ﬂw results from shear
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on the side (Vertical) of cylindrical face.
Factors affecting vane shear strengths are listed below

a., Rate of Strain

CADLING & ODENSTAD (1950) concluded in the test results

that the shear strength decre ghe rate of loading decreases. He

found that the rate ¢ deg man Sebfe® Lo be practical lower limit of

rotation rate at which S8€rength is obtained. With

the higher rate at h will be 20 % higher than
that of 6 degree/mi the same conclusion as

shown in table 2.2 bgiloy

Table 2.2 B £ tHE vate o ain (after SKEMPTON, 1948)

Time of loading o Strength, .1.1:'4.»*f1:2
P T e—
1. min (fast) V.. g 230
|
10 min (Standard) il 215
50 min (Slow) ol PG 200
E19)¢ NeINS Y Al S
T P — ‘BN~ k5]
4 ¢ :
ARIQ; iﬂ:‘im’ﬁ%‘ﬁﬁﬁ“““ i
fmctinnqcﬂ:l ta até¥a _
k, R,
C = K.m --4;&;--1.--(1‘!-3]

where

C = shear strength, m,r'mz

Kl constant, Kﬂ_a’mz
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m = rotation rate, degree/min

KZ = exponent

The exponent K, was determined by the least square

2
method for the investigated ;:lﬁpth!!.

a series of vane test at different

Ahs (1965) carry, g

aodin analysis the stability

\\\\
“&\

va ) \\ i than that existing in the
field. One of the dof@iling \\\\:\x & the rate to which the

clay is brought to fai

ane data, the vane

s gmater than that of
failuyre mobilized in s propose a correction factor

for the field vane test icity index of the soil as shown

. 7 o
anisotropy and profee
H

i
l Il
i1 |
i i¥ |

in Fig. 2.6. ThisdcHan e| effects of strength
m

WIROJANBGUD, P. (1974 studied the rate of effect an

vane snene sElbb Bl WY HELH SN E) b Freres s, i

the 1-16 deqreefnun of rotatiénal rate there were no@ptactical

sions el bV T SE LI VAL BLE)

b. Vane dimension.

AAs (1965) has found that large change in height diameter
ratio can influence thecalculated strengths, due to variations in the

mabilized resistance along vertical and horizontal samples. This can
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result from true undrained shear strength anisotropy and/or conditions

peculiar to the mode of failure imposed by the field vane test.

PHUONG (1973) used several vane size to investigate
shear strength of Bangkok clay., He found that the values measured

are random and the difference is in tbe range of 1 tcmfmz.

of rotation at failure b

diameter ratio of

: i \“\\i. g the same size and volume

of vane but varyiMg -;= of the blade had a pronouned
effect on the she grefgfh 55 Showr \ '2.'}'. In very sensitive

clay, increasing iy

and hence decreases |

from the distrubance of

soil around the vang. The SEutDance ‘y be caused by boring

or pushing the vane €£a§ing or insepgting the vane in'to the soil.

AREINENINEINT

ADLING and GDEHSTAD [195&] found thal.‘. the influence

zone am awﬁ-ﬂm Wﬁqwaﬁma bore hole.

For vane tests without borehole, but using a protection
shoes, CADLING and ODENSTAD (1950) and ANDERSON & BJERRUM {1957) found
that no resonable distrubance when the vane test is made 50 cm away

from tha shoe.

010500
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For the disturbance of only vane rod and vane itself,
VEY (1953) showed that without predrilling or protection shoe the clay
of one layer may strick to the vane and this increase the area ratio
of the vane. Thus the shear strengths measured by the high wane were

less than that measured by the lower one.

pushing the vane into the
s50il and start the v strength would also
incr&ased, FLAATE consolidation effect
of the clay bein 2d the result from a
series of consoli fg soil for consolidation)
and vane test, he’ eft one day after insertion,
a substantial increafe -;_ 2n " @cured. The average rlatiﬂ
between the consoclidated % " strength and the wvane test

varies between 1.28 and 1352 for I nf_zal- hours. SCHMERTMAN(1975)

in his personal £ ¥¥dorted that Nowegian clay

the shear stranqtﬂ:an vary by

few minutes with 24‘:“1:9 nf pore faessure dissipates allowed after

o mmﬁluﬂ?‘ﬂﬂﬂﬁwmﬂ‘i
’QW’]@WWWQWEH&EJ

The vane shear strength is generally considered or

0] tamn comparing the ardinary

strength index tests. However, with the Bjerrum's correction factor
U, this index strength can be interpretted as the avef:age strength
of the circular arch failure, used in the analysis of circular arch

fﬂilm-
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2.2.3 The Dutch Cone test

Cone penetration test is a kind of in-situ measurement.
The idea arises from a concept that the resistance to penetration of
different type of soil will be of different manner. The method is to

advance a rod in to the soil vertically, measuring the resistance

forces required to produce f _' a dvancement and interpreting these
. a_Ccapacity %sﬁ.ty shear strength, etc.

6. Inertial Dropped or propelled | variable |Offshore, Useful for
into soil/rock cduring Military | near-surface

surface measured soils in in-

deacceleration accessible area
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The guasi-static cone penetration test equipments and
methods developed in the Netherlands are mostly widely used, these
"Dutch" cones having a base area of 10 -::mz, an apex angle of 60° and
employing a penetration rate of 1 to 2 cm/sSec. The equipment can
make separate measurements of the cone resistance and the soil steel

res istance along the local friction sleeve, The schematic detial of

Tu 'M/

Dutch cone tip is shown ingé

Factoxrsed ’ est Results

It the Dutch cone tests

are affected by sc : ctor, of course, is

the physical cha‘r ari .. - ,\\\Q\\ the cone resistance

is different for dij \
\\ vestigators as their

er factors besides the
soil properties have

conclusions are presenfed

soil - shear strength,

sensitivity and cdmg

i

‘influence on the cone
i
‘J hown individually, but~

w4121 P ) (N
AR AN TRINBITHHARY tue e

on the mne resistance for London Clay that for strength greater than

resistance, These “ n.ct.ars can not be easil

2,000 1b/sg.ft there is a wide scatter of results and average curve
tend to rise from the estimated linear curve using Hc equals 18 as
shown in Fig. 2.9. For strength lower than 2,000 1lb/sg.ft., the linear

relationship of results is more pronouned.

A



19

b. Shape of cone - After a series of tests in which

cones of different shapes and dimensions were used, THOMAS (1965)
concluded that the cone penetration resistance is influenced not by
the cross-sectional area of the cone but by its shape above the

. cone-and the mode of failure of the soil through which it is penetrating.

-

The results strated in Fig. 2.10 for 10 sg.cm

W7/

wone, the mode of faildve. both in soft and firm clay.

In firm clay, the mode g LSd.cm cone is of type (a) because

of its immediate rgalicll d dar ter albwepthe cone.

c. nafeof penceidtion . ) 'ThOMAS (1965) showed that
I %= P N,
lower resistances wegl g6 gBypdeli £ & low ate of penetration. This

N\
: ’\ \\ DANYI (1969) who suggested

that the effect of the slef penébrat On Should be taken in to account

is in agreement wiftl
when comparing results of tien test with results of other
types of field tegts g ‘ rease in point resistance

is 7.5 % for teny ¥old incr B date.

,I | [..
v ']
It .L%, clear so far that the penetration resistance of a

cone is mfﬂg%ﬁ{} %Hrﬁ‘j Wﬂ’]tﬂaﬁ attempt to correlate

cone res;sta e to other phyi.mal pruper-tias of soi t is therefore

wwmwwma %%}%ﬁ% Sipaks

rel:.abla results., To achieve this purpose, type and shape of the

pene trometer should be kept unchanged whenever comparisons are made.
The rate of perietration must be also controlled and standardized.
When using the same equipment and with standard penetration rate,

correlations between the cone resistance and other properties of the
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spil can be made without any effects of these two factors., The cone

resistance will be affected only by the properties of the soil

Metiiod for estimating shear strength

Cone penetration test does not measured shear strength

directly but measure bearing capegity, g , and soil-steel friction

c
along the local frictiong -.Hi, h of which depend on soil

g capacity theories began

in 1921 with the wg gred the resistance of

a metal tool beari & metal half-space.

FRANDTL assumed a peaffl ly loaded, infinitely

long bearing area und ﬁerfeatly rigid-plastic

material which had botl nal friction. In 1924

REISSNER extended the PRA include cases involving

bearing area w the-adjacent naterial.
A J

To do this, REISST “ated above the level

lII
i¥
'A‘:Lth a uniform au.rcharge and assumed that the

o 01K 11 LU A1 LU

PRANDTL-REISSHER solution so that it :nuld be applxed to bearing

M LA L

materia¥s which passes weight, cohesion, and friction and proposed

of the bearing area

the following general bearing capacity equation for shallow, aniformly

loaded strip footing.

qc = mc+ qu+ 1/2 TBHT saian vees il Balk)
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- where N_, Hq, HY are bearing capacity factors which depend
on internal friction angle (&) of the soil

Y = the unit weight of the soil

o
L]

the depth of the footing

w
i

the width of footing

the cohesion of the seil

0
i

he w:i.dth B is relatively small

~
the equation reduce t
\'. "'I'I""{.ZQSJ
where o, 4 P ‘ =ssure above the cone tip
(a)
¥ servative method for deter-
mining ¢' in sand, The m oK es from bearing capacity theory
derive from a s 4 length as
a, = | an“ { P2 -1 | SH + 1} o .. (2.6) y
| ‘ua. L,
ﬂ“ﬂﬁ SUBITIWB A= ===
internal fri8fion angles, q is soil rasistmm. Fur g = @' and
i ‘Q’Wﬁrﬁ“&‘ﬂﬁfﬁ WIAINYIAY
qﬂ = IE tmm t45+#f2|ﬂ ---t-.---{:-?]
The method often produces results too conservative for
-u"

economical design. A less conservative procedure, with a semi-

empirical basis, appears to be in use in the USSR (see Fig. 2.1l)
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The DEGEBO research in W. Berlin with large-scale model
footings on sands, as reported by MUHS and WEISS (1971) noted that

f i
EEE} = _D.Eﬂ ﬂ Qq...-.lil{ziaj

q
cm ¥

c(

NY is the ordinary bearing capacity factor from the

Terzaghi general shear case . |

gth in clay soil from

\
following form,
.4.;.44-..--{2§9}

where o is ! ednesicw "'" EE; OVerburden pressure at depths
$ rgaﬂ.jnﬂé
R

it
14

i¥ |
Many € :Lnaars had darivad for & ﬂ values as shown in

A ﬂ‘UEJ’JVIEWIiWEJ’]ﬂ‘i

) AL s

This is why the ﬂ: values reported from various empirical
correlation studies vary from about 5 to 70 (for example in Amar et.al.
{1975). Thus, to use a single N_ value for all soil and all penetrometer

tips represents a gross oversimplification which can lead to serious error.
L]



23

Author Correlation Type of Soil L.L P.I. kit 8
(%) (%) %) (Tons/m*)
Begemann c = e F

{1965)* 14 B
Thomas q t"‘, .

(1965) = 15 on Clay — - 22 iigﬂ

Ward €= q+ ) 1 36-4% | 22-26 20-55
1 [
& ﬁ;gs?nd - 38 4 R -
Meigh & - — Bk,
Corbert (1969] © = W7 L 29 :ig;ﬁﬁ 0 aii 0
Anagnoslopou-| o _ hy ot—NarL 18 a0 1.5-3
los (19713) : 2
sanglerat & e,

(1972) 15 Ao o 5 = i, ™
Pham o E 80-96 | 30-40| 75-90 1-3
() 1w i 88 35 | 80 1.5

c= :‘5* B0-120 | 40-75| 60-130 Y l.2-4
Prakob 19 2 100 | 60 95 2
(1974) )
CR &0-80| 100-135 1.2-2.3
70 | 130 1.8
- | shear stre ware obt from field vane shear tests,

+ undrafhe@yshear strength@ e

AUEINBNINEINT

‘I‘alha- 2.4 Cnllm:ténn of Cone Flctnm for Di!!‘erﬂnl‘. Clays with Soil

QW’]Mﬂmﬂﬁﬂﬂmﬂﬂ

hii_kere obtained from undrained t:ri.a.ni-nl tests,




TABLE 2.5- S(ME OF THE VARIABLES
THAT INFLIENCE Hr:
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Variable Approx., N: Direction Motes
or
1. (hanging the Better sanpling, | see Eqn 4.
method for thinner vines, usd =
ing refi of S.PME all
Ne
2, Clay st Ircreases with Vesic (1972)
ratio = Gf eds
. fness
3. Rario es with [Ladanyi (1967)
‘hﬁ? £ ratio
EYED) 3 ing Ta
4. effectilic with  [anbu (1974
friction, T = }Creas e 2 . )
5. K, or d Nz : with  Panbu (1974 )
5 ——'_il_{'g “n;
ral | _or OCR
6. Shape of = Clay adhesion on le in
trometer ti 2 S mmtle of mechani- Amar et.al.
. cal tips mcraasesl {1975,
) IR, Hc Fig 2)
diameter
cone can (1972L)
e N, in ]
y sensifive
clays
Increasing rate viar.wii.’slgsm
increases N, PotTobts

AR AN I UR I TETHY

(electrical tips)
tration decreases N come

pﬂicd to 19& ;'ﬂ:tﬁ

ntal it
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Baligh (1975) has derived the cone resistance, qc,
of the moving coné using elasto plastic theory in cohesive soil by
-assuming the rigidity index of clay equal to 60 and the cone tip

angle 60 degree. The expression from his analysis is

2. %

where g otal stress at that depth.

Determinatigg ____;-l,.—

Begeman (19§ ere exists a relationship

between unit frictig t cone resistance, I
and the soil type Schmertman (1967) proposed

the following ratios;

Soil Types

Soft rock o
Sand
8ilt

Clay

ﬂ‘NEJ’J‘VIEI'VIiWEI’]ﬂ'i
qmaﬂnmum'mmaa
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