Mechanics of Geomaterials(t & # ¥l 245 :H
- Course syllabus -

(4/12) Stress path method (O)

(4/19) Sampling and lab testing of cohesive geomaterials (Ta)
(4/26) In-situ testing (Ta)
(5/10) Liquefaction of soils I(Mechanism and evaluation) (Ta)
(5/17) Liquefaction of soils Il (Damage and Countermeasure) (Ta)
(5/24) Stress orientation and earth pressure in soil mass (Th)
(5/31) Mechanical characteristics of anisotropic soils (Th)
(6/7) Failure criteria for geomaterials (Th)
(6/14) In-situ mechanical behaviour of cohesive geomaterials (O)

(6/21) Undrained behaviour of normally and over- consolidated cohesive soils
(O)
(6/28) Time dependent behaviour of cohesive geomaterials (Th)
(7/12) In-situ mechanical behaviour of cohesionless geomaterials (O)
(7/19) Laboratory and in-situ tests on compacted geomaterials (O)

(8/2) Examination



The soll mechanics triangle by Buriand(1989)
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Elements of a basic course of soil mechanics by Burland(1989)
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Elements of course on soil behaviour
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Types of soils and samples

Undisturbed soils <~ Remolded soils
Less disturbed soils (Reconstituted soils)

(FHEELE) (B i)

Intact soil properties & Intrinsic soil properties
(A h DIRREDHEE) (AREKDMEE)
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Void ratio e,

Relationship betw.
In-situ void ratio (e,) andlog ¢,

In-situ effective vertical stress o’ , kgf/cm?

Burland (1990)



Void Index(/,), Intrinsic Compression Line (ICL),
Sedimentation compression line (SCL)

e
e-logp curve of remolded clay
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Difference betw.
Remold soils and In-situ solls

(Intrinsic soil properties) (Intact soil properties)

Index properties: G_, e, w,,, w;, Wp, |p
Compressibility: C_, m,,

Stiffness: G, K,

Stress path , K,

Strength: c, ¢

10



Characterization of in-situ soils

Exploration of in-situ soil properties (REERE)
“=> s0ils in actual ground

Geophysical investigation and logging(#1¥## & . #&&) PS-logging, microtremor
= R E
=> Stratification([Ef&Rk)
=> Vs, Vp, => Gs, K,
=> resistivity => physical or chemical properties

*In-situ test or field test (R{ZERER) (ex: SPTHZEEE ARER), CPTa—rEARER))
=> Mechanical properties

Sampling(> 714+ Lab. Tests(z=mR:E)
(e.g., consolidation test, shearing test )
EZ. B AKEER

11



Process of soil sampling and testing

boring => sampling => transportation of sample
in sampling tube => retrieving sample from the sampler

=> soll testing

boring => sampling => retrieving sample from
the sampler at site => transportation of sample

=> soil testing
12



Boring (EFH.1F%)

Basics of Soil Investigation:

Objectives and depths:

=> few hundred —few thousand m

-exploration of natural resources }
Max: 13,000 m

(hot spring, oil, gas, etc)
egeological investigation
well

geotechnical investigation } => few — few hundred m

Type: Rotary boring with bit (common)

( wireline boring for deep or marine exp.) <] Purposes

Ground conditions
Types of in-situ tests

Augur boring
Percussion boring
Diamond core cutter
Test pit

Core boring <=> Non-core boring 13



Rotary type

boring machine
(Hydraulic feed type)

tripodal stand

winch

gearbox—__,
Circulation of mad slurry
motor
engine pump

¥~ mad slurry pit

casing pipe

boring rod
coupling
core barrel
core
metal crown
<> (boring bit)
Japanese Standards for Geotechnical and 14

Geoenvironmental Investigation (JGS 2004)



Sampling (& FH R ER)

Collection of soil sample:
using bore hole in deep sampling

Sampling methods

types of geo-material, stiffness, purposes
QE soft clay, hard clay, sand, rock
stratification, classification,
physical properties (w, e, p)
mechanical properties (strength, stiffness )

with various kinds of sampler
Open tube sampler,

Fixed piston thin-walled tube sampler,

Rotary double-tube sampler (Denison sampler) 19
others



Examples of fixed piston thin-wall sampler

Samplers for
soft solls

§* Sampler head

SRS SIS,
N

JGS standard

— Ball check valve

—— Thin wall tube

Hydraulic type

Ex. Open tube sampler (Osterberg sampler)

(Shelby sampler) 16

Extension rod type
(JGS standards )



Thin-walled tube sampler with fixed piston
(B AWK I7F—IL T T D)
Ly EEE i il = N E- -

but
some level of
disturbance
inevitable

Inserting Pulllnq out 47 >
sampler sample




-Shelby tube sampler —
(Yt —-RKHY TV T F—TUH)

AN/ \NANWANA

Vacuum
7
sampler |
O
O
boring installing |
sampler g"f . | Pulling out
rmation
€10 ,a 0 sample’®
constraint > |



Samplers for
hard solls

Rotary double-tube sampler
(Denison sampler)

TV HUTS5—

(JGS standards)

check valve —¥

spring

sampling
tube head

Metal bit ——El

boring rod
Sampler head

~<— \Water outlet

swivel

—— outer tube

inner tube

- (sampling tube)

19



Sampling & Lab. Tests

Release of confined stresses in the ground (35t 1 D FEX)
Stress condition: isotropic(Z 7). total stresses (c)=0 but ¢’ ?? Skempton’s eq.

Osy=0 Au=B|Ac, + A(Ac, — Ao,
e owme ()<= ¢
Ogp =0 f Shear stress incre.

Ao,=-K,o', ,Ac,—Ao,=—(1-K )o',

Assumption: Undrained
Hmps | u=—{K,+A(1-K,)lo".

saturation => e =e sampling
5 O-'sv = O-'sh = {KO + A(l o KO)}O-'gv
O gv
e.g., K,=0.5, A=-0.1~0.3 (for ex.)
G’gthOG’gv e => G’ SV = p’S= 045 ~O.656’gv

p,g=0'676,gv E>| Decrease ofmeffective stress

Unavoidable effect of sampling < | Decrease of strength and stiffness

Furthermore,
disturbance (additional strains) in sampling, transportation, specimen preparation

Additional excess pore water pressure=>dec. p’+deterioration of fabric structurego
(bonding. cementation)



Types of sample and Disturbance

Sample types

@ Ideal sample:identical to in-situ soil (c’;=K,c’,,)

@ Perfect sample:subjected to only the effect of stress release

® Undisturbed (Less disturbed )sample: collected by sampling method
@ Remolded (Reconstituted) sample: T

Disturbance induced

f_)%
effective stress: O>2>B>@ in whole process
deterioration of structure: MD>@>R@>@ | except stress release
stiffness: DOD>Q>R>@ Mechanical

strength: O>Q>Q@>@ disturbance
(BEMBOELN)

Clear definition of @), @). ), but level or effects of disturbance not clear

What is desirable sample ? Depending on purpose
(ex:index test(LL,PL,G,) disturbance may not affect "

but mechanical properties highly affected .)

% less disturbed and as close to in-situ ones as possible,

21



Depth (m)
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Soil profiles and physical properties

Hh,

ERiip®=ty kit e

Grain size distribution

(%)
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p(g/cm?), Gg
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PLw, L (%)
8 1.0 1.2 14 ’l|6| |, |

Fill: sandy clay with

| gravel, broken bricks

—

Soft to firm Clay (CL)
with some organic
matters

dark grey colour
Low plasticity

Soft to firm Clay (CH)
Browish to blueish
colour

High plasticity

Lean Clay:
Medium to Stiff
Browish to blueish
colour

End of boring

2 16 20 24 2

8

20 40 60 80

22




Effective stress history
from sampling to specimen preparation

nb>
3 o'y =Ko, (<=K(=0.9) High quality sample
4 i I
= In-situ:Ideal S. .
® 5 =g’ Minimum
© \ h v mechanical disturbance
5 | oonng Path without ’
> Sampling a hWI . OT Maximum
mechanica residual effective stress
disturbance
Perfect S.
Transportation ~— Completion of sampling
Extruding -
Trimming A
Au caused by mechanical disturbance of sampling
Undisturbed S’ TAu caused by mech. dist. after sampling
| Horizontal stress: o',

Residual effective stress(3& B A %) 23



Index about sensitivity to disturbance

[,>1 natural water cont.(w,) > liquid limit (w,)

C g w,—w,
Liquidity Index: I, = — iwt
o M He g P remolding => q, < q, 4, (~1.5kPa)
: L
Sensitivity - S, = q, of undisturbed sampl Very sensitive
P "' q, of remolded sample
g Qur
Quick clay :S,>100 i ’ -
Marine clay in Japan:S,=10~20 @
why:

Decrease of strength and stiffness by disturbance remolding  reconstituting

?+7?

Young clay) => small S,

?
Aged clay => large S, Why




Axial stress o, (kN/m?)

Quality of clay samples
difference of less disturbed and disturbed samples

Stress-strain of UU test The more disturbed,
lglf g @ larger failure strain (g)

@ smaller stiffness (Es,)

Less disturbed @ smaller strength (q,)

|
Index of disturbance from UU tests
Disturbed
@ &
Eso )
q,/2 @) q /2 < 150-200 in Japanese clay
E50 Remolded ’ disturbed

E;, more sensitive than q,

Axial strain g, (%)

25



Effect of disturbance observed in Oedometer tests

JGS I'Soil Exploration | JGS ['Soil Exploration |

Py
Consolidation yield stress:p,

Less disturbed S Less

Coef. consolidation ¢, (m?/s)

2 o . Intact disturbed S\
.EU IAe l A/S-Shape k
o Remolde v
=~ Intrinsic V.1,
AN Remolded
Ave. consol. pressure p (kN/m2)
Ae Index of disturbance:
Vel’tical StreSS p (kN/mz) mv - (1 n Q)Ap \ cv at Sma" pressure

Less dist.: larger c,
Dist.: smaller c,
Less dist.: small void ratio change (p< p,) + marked decrease of e

Dist.: no clear p,. large compression at p < G o less decrease at p >p, 26

Ae:decrement of void ratio caused by recompression to ¢’

Index of disturbance: e—logp curve




. Mechanical properties of the sand sampled by
Sand Sampl | ng these methods are different from those of ideal
Method of sampler penetration: ones.

Loose sand=> pushing . Properties of sand evaluated from
Hard, dense sand =>rotary sampling sounding, field tests (e.g., SPT=>N-value)

JGS I'Soil Exploration | . : .
T e To obtain the reliable properties

CID triaxial test Freezing sampling
frozen sample (EEEYT))

k= JGS I'Soil Exploration |
=S 0.,-C o
pd 13 2
= tube "> Alluvial or reclaimed sand
6 frozen e Pleistocene sand
o &y 8 Frozen sand
n (72}
§ tube Q
@ ©
S €
O e
G>J >
=)

Ratio of shear modulus betw. Lab. and
in-situ G, /G

Axial strain (%) 27

In-situ shear modulus G, (MN/m?2)



Freezing sampling of sand

guide
pipe

freezing
pipe

Installation of

Installation of guide
freezing pipe

pipe and boring for
freezing pipe

Freezing
agent boring
machine
boring rod
frozen soil core tube

Ground
freezing

Sampling of
frozen soil
28



Structure of natural sand
Sand grain
ao

easy to move Cementation

or chemical bonding

easy to break

Structure of natural sand
Fragile
Sensitive to disturbance or shear deformation.
Difficult to have less disturbed sample with similar properties of ideal one.

29



= (NMFL NTHFY)

Pre-boring

30



Undisturbed soil sampling- JPN Fixed Piston
Sampler (Extension rod type)

Rotary Core Tube
t=1.50mm Fixed Piston sampler
D=75mm 31

L=1,000mm «|



Undisturbed soil sampling- Shelby Sampler

t=1.65mm
D=72mm
L=800mm



Sounding (9> T424)

Sounding:
General expression of in-situ tests in which soil
parameters are estimated from the response to the load

applied to the ground by various method.
PO YUTS— a—FEEAL. EAROER. KEFHRICEKY. i
BDFIEZRND . REBEREEDEF,

Torque
Standard Penetration Test(1ZZ#E A ER)
-Cone Penetration Test(a—> & A K ER)
Swedish weight sounding test
(Z@I—?yiﬁﬂ'rﬁ‘/ﬁ‘-‘«f‘zﬁ‘) Shear stress mobilized
at planes = strength
*Field vane test([R AL EN—2 5 ER) HCHRESNhIEAKA
= ThnEE
‘Pressuremeter test(FL /K & 71 ER) (DR
vane test

(R— HER) .



H =75cm

Standard penetration test: SPT

M, =63.5kg

SPT sampler
d,=30cm

(FREE AHER)

Terzaghi & Peck (1948)
“Soil Mechanics in Engineering Practice”

N{E (N-value):
Mass of hammer (M, ): 63.5kg
Dropping height (h,): 75cm
Penetration depth (d;): 30cm

1l

Huge data on the correlation betw.
N-value and field observation

Soil parameter, performance of
structure

Sampler of SPT 34



N-value: Subway station construction site
mREEREER ISR

NiE
fill
Alluvial 0OS
silt
SG
Tokyo layer FS
silt
FS
Edogawa layer
FS DW
. i Pi ragm Wall
(L2 nE s u DLRRraem )

o



Practical Application of N-value

N-value ~ Relative
Density of sand
Terzaghi & Peck(1948)

N-value Dr
0-4 Very loose
4-10 Loose
10-30 Medium
30-50 Dense

>50 Very dense

Consistency, N-value and q,
Terzaghi & Peck(1948)

Consistency N{E q,(kPa)

Very soft <2 >25
Soft 2-4  25-50
Medium 4-8  50-100

Hard 8-15 100-200

Very hard 15-30 200-400
Extremely hard  >30 >400

Properties estimated by N-value
-Sand
Relative density(fExt# ). friction
angle(NEREEIR ), Stiffness(ZEHIZREN)
Subgrade reaction(: & & 1% %K),
Bearing capacity, K, pressure,
Liquefaction resistance . void ratio
Clay
Consistency. Unconfined
compression strength(—EHEfE2 )
Bearing capacity
*Evaluation of ground
Bearing layer, Soft layer
Selection of foundation

Penetrability of pile and sheet pile
(Fl. RIRDREAKEDHIE)
Potential slip plane(3 RXYMEIEME D HEE)

Confirmation of ground improvement

(HhAE e B SR D HIFE) 3



Piezocone tests (CPTU)

=mra—>
JE T EE R
HERARY—T
a—> 3 8I5E A
toH—

R
L —

37



Depth (m)
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Piezocone tests results (CPTU)
4, =g, + Uy (1-a)

AIEa—2En

; BEI—IEH
Measured resistance Modified resist.
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Geophysical investigation and logging

PS logging: measurement of velocities of P-wave and S-waves

Qscillograph

2=, V)Y
Poisson’ s ratio |
— - 20—V, 1V,)*
Saurce A'g._r.q
~ - e Shear modulus G=oV?
—TAmA T Ahd # TER Z3 TR '0 s
Young' s modulus
Ik E=21+v)G
E E Travel time X 107) sec.
1. % 3 1 5 E T E ? 13 11 12
l l_"'_5—'i.35|rr:n'|
Qwi Isiqnﬂ
Recetver Vx| oo Boy |
155" fagg
100 I -
ﬂ i:’;;o e e Impulse rece1ver
' |
— | source /\/\/\»2‘/\‘5
I 1830 H a
- M HINER B cross hole
Velocity logging by down hole

39
“Soil behaviour in Earthquake Geotechnics “ Ishihara



Shear modulus, G (MPa)

G-y relation

1401 T T 1117 ERRENIT) T T TTTET] 1 lIlTIt| ERER
120k (a) -
Undisturbed
samplasg
100 &— [ £=0.686 Fufisawa sand ]
GO
80 _
60} -
Disturbed ¢ __
samples { L
40f e S .
E=o,?3a; s
20} {.5693 N
D [} JIHHr .1 I II1II||I I I[I]J“l [ I :'['.l-L!J_ r=11llll|[
107" 1073 1= 1073 102 107

Amplitude of shear strain, 7Y,

“Soil behaviour in Earthquake Geotechnics “ Ishihara




Refraction of wave

Angle of
inci Reflected
incidence wave
W
! c. \ / o
' - Critically
o reflected
Vi : wave
v,
LLLLLL4 it facee e B/
v, / V2 Refracied
oy ¢ AN wuve
(V, < V) T (Vi< V2l 2 ‘\
T Angle of
refraction
siny,, = Vl
sin V,
Snell's law > /1 _ 71 3 2 o
siny, b, Critical angle of incidence v, differencing

refraction and reflection

41



Propagation of reflected and refracted

X
Source receiver receiver receiver
l BJ‘ C.F D.f
A 0 .o o
A FRTE =TT
v “Soil behaviour in Earthquake
1 . .
v Geotechnics “ Ishihara
VZ
V< V)

—— = Reflected wave
— Refracied wave

-~ b ~
¢ (Reflected wave) 2 Vv,
P
= t=\ote 41/, 7 /
H =
A0 .
= P (Refracied wave)
ZV_H L |f t, = XI;'VE +%‘I‘I 1= [V Vol
~
1 e (Direct wave) !
}Z’ rd i XJ{V‘L
/ 1
< i
-
— & | . 42
g
V, :

Distance from the saurce, X



Short test and assignment 2: Effect of disturbance (due 5/10)

. As an intrinsic property, assuming

’ . . . — ’ _ ’
Hvorslev' s failure criteria t,=c *+c tan¢, ,c=xo , $,=20°
for constant e

1.=c tan¢’

Failure criteria of normally consolidated clay
ee4
ee3
Ce2

el

Three unconfined compression test samples (6,=c,=0)
with different level of disturbance but the same void ratio (c,=10kPa):

MUndisturbed sample with cementation closed to intact condition.
Residual effective stress of 20kPa, and q,= 100kPa,
Assuming A=-0.1 => How is much mobilized cohesion (c ;) at failure?
(@Reconstituted sample without cementation but residual effective stress of 20kPa,
Assuming A=-0.1 => How much is the q,?
@Remold sample without cementation and residual effective stress of OkPa

Assuming A~=-0.1 => How much is the q,? 43



