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Definition of viscous effects

e Observed during creep, relaxation, .... More
generally : change in the stress-strain
curve(s) when changing the rate of loading

e Seems to be present for all? geomaterials
even dry sand

Experimental investigations
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points on focus

e Viscous effects
e Experimental observations
— Dry sands, sand-clay mixtures, bituminous
mixtures
— Apparatuses : triaxial, hollow cylinder, C/T test,
annular shearing
e Modelling : 3 component model and extension
— 1Dim & 3Dim

General definition of time effect sensitivity

-> Time independent

time

- Time dependant

1 *Viscous
time °Ageiug
eViscous and non ageing (only rate
dependency)
—time « t » must not appear in the
constitutive law

Tested materials

1 Toyoura
Dg,=0,18mm ; C,=1,33

Hostun (RF&S28)
Dy,=0,36mm ; C,=1,44
X =

Size (mm)



Tested materials (2)

Mixture of Hostun sand and clay (Kaolin)

M15 M30
C=15% ; w=4,5% C=30% ; w=9%

Two devices for soils

5

Hollow cylinder
“TACStaDy/ T

—

e [ ocal strain measurements from some
106 to some 10-2

e High stress and strain resolutions
e precise loading conditions
e multi-directional stress path (2&3D)

e Dynamic test: S&P waves Hal2Un o200,

Strain measurement system

= Local (moved during the test)
= 14 non contact transducers
= Large domain

= Strain measurement from some 10 to some 102
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Tested materials (3)

Bituminous materials : Bitumen, mastics
& bituminous mixtures

Aggregates : 4 to
7 % of binder

Bitumens &
Mastics up to 60%
in Vol of fines

Hollow cylinder « T4CStaDy »

Independent compression, torsion and
radial pressure

Wave propagation sensors
(ISMES type)

Compression wave transducers

Porous stone

e

Shear wave transducers (b;jér)
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Example of annular
shearing ENTPE test: for
bitumens & mastics

Qingjde 05mm

—

—-
ide=105mm 3

"

40mm

Load cell

I Molded
I

Internal mold

yhear Data & sinus fitting

-, . VN 003
"4 Shear stress (MPag

{ & ;/ - hear
° S s

0

wita ff 5 \% XS b,

002

0,03

* External mold

U ——>G*=a_/a, el .
Complu modulus for shearing mode Loadlnlﬁ_path 15
frequency domain

Loading path : time domain

- Creep periods
- Relaxation periods
- Stepwise change in D

X

7"
s
L .

____________ d

I
i
Stress relaxation and cycles
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Two devices for bituminous
EVEELS

ﬂ TIC test

= H=160mm, ¢,,,=80mm

Annular
Shearing

Focus on small strain

° Local strain measurements from sonje
10-¢ to some 10-2

e High stress and strain resolutions
e precise loading conditions

e Temperature control

e Sinusoidal loading up to 10Hz

|
= - TS

R Wi ——— N

H=40mm, ¢,,=105mm, th=5mm

Types of loadings

e Monotonic loading (constant rate,...)
e Cyclic loadings (sinusoidal, saw-tooth,...)
e Small strain level = large strain level

e Creep, relaxation, stepwise changes

e Rational analysis needed to interpret the data :
non linearity & irreversibility = viscous /non viscou

A Linear Behaviour can be irreversible !!

Example : Creep (time domain)

test K77.68 on Toyoura sand

Creep not
negligible for

Toyouré i
K77.88_T : ,=0,88 ; P=77kPa ; K=Plo,=0,5

=
N

Point 2 (=40kPa)

Point 7 (:=40kPa)

Foint 1 (=20kPa) Point 6 (:=20kPa) |

3

Contrainte de cisaillement, t(kPa)

3
.

Temps ()



Example : Relaxation (time domain)

Aa o) = a0
500 4 (o) ®)
400 -15
300
-30
200
1/
100 -45
0
-100 80 “@
0 0,04 0.t 1 10 100 1000 10000
A(blokl'd)’q'qo .
(©) e
15
10

test 200.96_10i on hostun sand

1 negligible for
sands !

0,1 1 10 100
At(s)=t-to

1000 10000

ASR teston B mix , ¥
c=0, sin(ot) %
Complex modulus "
E*= 5,/g, oif vV VIV
€
€9

Example : frequency domain

e=g, sin(ot-¢) /\
RRVAVAS

Complex modulus

Low temperatures and
or high frequencies

100000

10000
| B¥|
000 (MPa)

of BM for different
iGR 100 frequencies and
80 60 40 20 P
Phase angle (°) temperatures

Example of Maxwel body -LINEAR

€, =o/E (spring) de,/dt = o/n (dashpot)

de/dt = (do/dt) /E + o/n (& Limit Conditions)

Stress cycle ©

€ € irreversible

€ jrreversible

[

t

HDB 2005 23
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Example : stepwise change in strain rate
(time domain)

test 400.97_sra on Hostun sand

decs
0
w in /
w
w0l 0 .= 0,006 %/min|
Uy
o 0
0 001 002 00 004 DA 0018 0019 002 0021 002
q(kPa) @ q(kPa) &
240 750
acel - et
20 Ka 75
oo 61208 it
£,= 0,6 /min,
. 3 i 700 - -
- s e
150 ) S
// 650 ”
o /
/ s
0001 0002 00030013 0014 0015 0016 0017 0018
: o

Clear viscous effects for sands !

O -0,

Bt B " Tangent, secant &
' equivalent moduli

t, t time

a) Monotonic
loading

How to compare?

h, g, t, fr,

time

time

Focus on

Viscous behaviour



Interpretation and modelling
3 components model framework
and extension

EP type body

Non viscous behaviour

Elasticity c = NW(h,dirD)D
plasticity
elastoplasticity
hypoelasticity
hypoplasticity Stress rate «= strain rate (D)
interpolation type

or D= MW(hdirc’) o’

The 3 component model can
describe the observed
behaviour
—> Determination of EP; and V,

first step small strain domain
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Model with 3 components....

Non
viscous
© @

V type body

(D) Purely viscous behaviour
o = H(h, D)

Newtonian linear or D= N(h, o)
Newtonian non linear

Parabolic creep Stain rate (D)

independent on stress rate
depends only of history & o

Viscous evanescent
TESRA

Small strain domain
Linear behaviour

Soils : depend on materials
- sand - elastic
- clay, soft rocks = visco-elastic
Bituminous materials : always viscous
—>visco-elastic
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Tl B R A A T

: Z Modulus in the linear domain
o /ﬁ,l,,g o (small strain)
\”mm&ﬁww In the considered range :

Resonantyeofumn

Small strain domain

a

G -Slightly sensitive

cs
merl
Sagamihara soft rock (U]

X
X

Metramo sity sand (VDS AP clay (U)

Asymptotic behaviour
in the small strain
domain (linear)

[Ra[=mal=

E, (MN/if)

3

dy gravel

BNan
S o _ Does not mean that the
O of e O O Wet Chiba gravel L ]
D0 HO Y ot Togeur material is non viscous !
and (U)

Di Benedetto et al, S&F 99 xivz N
Simplification (SAB) For bituminous f““?gg%
g”’f&m? Asyr_r|1ptot(|jc materials : frequency ol |- aee ]

ody for soils an analysis (complex Valleriea clay (U) R Kaolin (CUTG
soft rocks modulus) deit or,equivalgnt (amin)

HDB 09/06 -3 10° 10* 10° 102 10" 1d 10" 1 1g¢ - Di Benedetto et al 03

Very small sensitivity

Experimental findings for sands (many tests)

Tests from Suuki 94 E:
f & sa= 0.008%

_ Small cyclic loading tests on soft rock
=
a

SAB model

Cycles in the small strain domain (after creep

] . ) . o .
- in different directions or relaxation)

- at different rates

For tested sands and sand/clay mixtures
==p NoO viscous effect

K=61455 Mpa
n=2 100 000MPa.s

Only at very
small strain
amplitude

« quasi » elastic behaviour in a wide range
- 3D Hypoelastic model (DBGS)

Very sensitive (bituminous mixtures) Complex modulus (2)
Sinusoidal vibration : Complex modulus
When considering sinusoidal loading the Imposed loading : 6=, sin(wt)
response is also sinusoidal for LVE (Linear . .
. . . . When Changing pulsation(w)
ViscoFElastic) materials. But there is a phase lag or frequency (fr) : &, and ¢ \
between stress and strain (late) Vo change
c m o, —> & and ¢,
O

c=0, sin(wt /\ @, & and ¢, i
o A ¢ B

%o Introduction of complex numbers:

€

€ o = o, sin(wt) = Im(c, ei*!) = Im(c™)
e=¢g, sin(ot-¢) t e= g, sin(wt-¢) = Im(g, i “-®)=Im(g* E*= o/g, el
¢ = Complex modulug6

0 j=-1




21/09/2006

Complex modulus (3) Complex modulus (4)
» Complex modulus [maginary plane (Cole-Cole)
» Complex modulus o E*=E,HE, ® Increase
E*=oy/g, el = |[E* | el® /\ 7 0 E,
t
VR E
. . —Op E
Norm is the ratio of the c 1
amplitude: /g, (o) : €01
p o *
¢ is the phase lag between c A t Ln([E* 1)
& ¢ () HR WA u g » Complex modulus Black space ©
+ Complex modulus E, ‘Imuginary plane (Cole-Cole) E*= /g el = [E* | it @ increase
E*= E]+jE2 N (0] 1nrase
) Ln(E*)
)
907 0
Complex modulus (5) Find a rheological model for
+ Example for bituminous mixes (BBSG 50/70) bituminous materials ?
o . * Find a function E(w) fitting with the data for a wide
“ole-Col¢ plane .
range of ® and T (practical cases)
E*=EHE, e + Example : choice of SAB & Burger models for mixes
(ENZIpa) D/”HM% p - g
, " Toa ' 1% %EZ
0 10000 20000 30000 ] T]2
E1 (MPa)
100000
10000
E*=6,/g, 0 = [E* | e 1000 ‘(I\];:I;‘a) 0 5000 10000 15000 20000 25000 30000
E, (MPa)
100 ——————— > No way to fit on the whole range— model not adapted
80 60 40 20 0
Phase angle (°) % 40
Adapted V body for BM: 2P1D E* for 2S2P1D model
- Parabolic creep dashpot: F(t)=5 tk - 2S2P1D (2003) For bitumens and mixes
8 & k constants, 0 <k <1
. E .—E
. ; E (io7)=E, + P ot th ; )
- 2S2P1D (2 Springs, 2 Parabolic elements, 1 Dashpot) 1+0(jor) ™ +(jor)" +(jopfr)
B =nt/(E,E,)
E,
or E: Eop Eg, 6, 7,m, h & k
@ZP’l D constants, 0 <k & h<1
an
2 Parabolic 1 Dashpot
D| Benedetto et al 04 . . . . . .
=>No simple analytical expression in the time domaing]
42
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E* for 2S2P1D model (2)

E2(Pa) Time-temperature superposition

1.E+10 4

sews | . | principle (TTSP):

experimental data_S0/7T0 mix

| —252P1D model | Thermorh()loglca”y Slmp|e

-282P1D

behaviour

D.E400 1E+10 2E410 3E410 4e+10  E1(Pa

43

Definition of TTSP Consequence of TTSP

. . N >
e The complex modulus curve is unique and ® A unique variable o, = @\E}T,;,, (or fr.=fray)
can be described when changing ® (from -co at T Function of | and T
to + o0) or T (from very low to high

. 5 2 o increase at T or T,
temperature) or changing both @ and T R o
/

ref

E. E*—<xAt T - E*(o)
o increase at T B at T, . BBSG 50/70
g )

Consequence of TTSP (2) Consequence of TTSP (2b)

100000

1.E+05 - —
E H H 35°C e
= ——0°C
SL_ e ] [ * [ 25°C
o= ¢ ? 10°C 10°C
1E+04 1 E & ¢+ —
< = I 20°C
< — o
e A 10°c ] — ec
[
Y iy 20°C a0°C
1.E+03 A L[] < master curve
» O 3‘51(:‘ ! 100 Q@m0
L] hd 0,00001 0,001 0,1 10 1000 100000
[] * Equivalent frequency fr,= way/2n
+
1E+02 BBSG 50/70
¢
- o
Master curve: [E* | ¢ fig Tref10°C
2
Frequency (Hz)
1.E+01 L L Lo - \
o =l o P o -
N o ? 4 ? )
w u w w w
B < = - =
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i s £a1s [E7 (Pa) . o
Construction of the 50/70 master curve at 10°C = PMB3 s mix studied in this work
A 1E+10 + = " - 1
(bltumen) e |y pe 500 - open-graded mix
7 1408 :n—";_ ‘fl.l::fu /I )
f:6.3Hz > 250Hz  Ma—————gmr= = vewor | S CrTTET T mastic 48%
. ———— L mastic 324_supé ) e a
8 :APCoH0°C + 60°C s | 2% ot rsimam oxpérmeo / mastie e
—_ '* annular shearing m 50°C 1LE05 14 " enrobé de cefi étude_slparimenty] bitumen
] 3 f holl o — = modéle 252P10
& | A cylindric:l s:m::: 4 401°C E‘U:‘E.-O-i 15.-0" IE.-OO IE.-OZ 1Ews 1E006” 1 E4pH, 4/(510
=7 P - 29.9°C - fréquence (Hz) /47
Q o ¥ 24,9°C Ez{Pa) u-y_;;p-?d O
> : ® 31°C | PMB3 ey gl |
8 . - 20°C n — I
A compression/ | | <~ 10°C | ; o “‘ryﬁ—/m;wzm I
tensionon<{ | — 0.1°C oo ! v/ e /
o evlindri ' v ~
5 cylindrical sample | | __ _{p°C s i |
F i Fp = 49,8°C .
Logat(60°C) * a 20C 7 / |
a B master curve \“"m""“‘ ™~ _‘”J‘“‘“"‘
t T T T T T T N
-5 -3 -1 1 3 5 7 k| .
Log(aT"f) (Hz) 2E010 3E010 seacE1(Pa)

Simulation of mastics U100p

Norm |G’| of the complex modulus in master
curve

Master curve, Tr=10°C

LE+11
LE+10
1E+09

1E+08

LE+06 - “DMX30

< 1X40
LE+05

LEOS  1E06 1E-04 LE02 LEH00 LEH2 1EH4 LEH6 1.E08
ar.frequency (Hz)

51

Simulation of mastics U100u

Complex modulus represented in Black
space

Black space

P1D Model

90 100

52

2S2P1D Parameters SRR smiemes

4 constant parameters:
k,h, s, B

Only 3 parameters
function of the filler
concentration:

Gy, G, 19

Material G, (Pa) G_(Pa) Kk h §  1,=1(10°Q) B

5070 0 9.50E+08 | 0.21 | 0.55 | 2.3 9.18E-05 450

MO Z00TT nn!mn 150 1 85E+09 0 21 055 2 1 40E-04 450

V50700100040 250 410E+09_ 0.21_ 055 2.3 T.73E-04 450

\Ms070UT00u50 350 630E+09 021 055 23 1.83E.04 450
50700100055 2000 BBOEF09__ 021 055 23 ZI8E-04 250 |

[/le 50770 6.00E+07 | 1.A0E+10 | 0.21 | 055 2.3 7.00E-02 450

Choice to describe non linearities
and irreversibilities

e Soils: 3 components model

e Bituminous materials
Generalisation

DBN model

If 3 components
= Complex linear V
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Graphic 3 : |G*| in master curve E 50/70 BB:

LEHT T
optimisation VEL
2 LB ——— = ———— — - 73—
&
I ——DBN i
E.-Eo (AN I l ——2S2PID
Eq En : E,
Eoy = k
"""" - Eo L 1E+08 ! ! - | JO%:
| Parabolic LEO8  LE0S  1LE02  LE+ 0L/  LE+04  LE+07 a
h Il
ny(T) Ma(T) Graphic 4 : pg| in magt€r curve
n

i
pro| 1. 1 | Optimisation _'_Ll 252P1D
%D‘, l@T)G) '\ (7 constants|
® . E _Eo
E (ior)=E, + . - -1
1+8(iwr) ™ +(iot)™ +(iwfr)
Time-Temperature , ! | ;

nJ(T) = nj(TO) ar uT)= TO(TO) ar principle 1,é-nx |,€-<)5 1,];-()2 I,E‘+(ll 1,E‘+<)4 1,E‘+()7

Vo Vi \;n Vn+1
(WLF) %

ar. frequency (Hz) For pure bitumen

Complex young’s mdulus &
Poisson’s ratio

e Tension/compression

3D & Small strain domain o Sin (¢ »)| Young’s modulus
sin(wt E*=(c,/g,) &
VEL I Poisson’s ratio
VE=(gy)/8,) &Y
P 3D isotropic

. . ' . pproach
Bituminous materials : always viscous

O,

Sands : elastic

] v master curve at 10°C SimUIation for a Hypothesis : |sotropy ,,,,,, nu 50/70 BB
055 — — Vo us ] modelling and
i Mastic (50/70 e imisati
astic ( optimisation
1 1 — 04
bitumen with 3 |
035 [
0 .
32% of fines) Vip03 W v _ |
05— g 1+ 8(iwt)* + (iot)™ + (iopt) "
0,35 L 02 + + + + “—— 2 fonstants
0,01 1 100 10000 1000000 1E+08 1E+10 1.E-08 1,E-05 1,E-02 1LE+01 1,E+04 1,E+07 1E+10
Frequency (Hz)*ay T oT T -
Graphic 6 : $, in master cury?
v' Phase angle at 10°C n U‘*
07— : N v v _ o Z I;‘
05 -wmror - ————— o e Ve~V 1 +3(ior)™ + (i01)™ + (i0pt) U*DBNzD vE= i=1 i
! ‘f' e —DBN ‘ o1
~ 11 | 1 Z- Z
z | \\ . 7 Vyo=0,5 < 252PID ~ g
S s e e S g = !
, l - L ¢ v=0,37 :
-t == - e i
‘ ‘ ! ! ! ! ! ! ! ! _
25 | | LE06 LE-04 LE-02 LEH00 LE+02 LEHM4 LE+06 LE+08 LE+I0| g
0,1 10 1000 100000 1000000 1E+09 59 Er En
Frequency (Hz)*ay( ar. frequency (Hz) [ Vo Vi Vi Vit

10



Determination of EP1, EP2 & V behaviour

Small cycles = EP1

Recall of experimental findings
Linear domain (e< ~10-5)

Anisotropy == M€ hypoelastic [DBGS]
Symmetry of Me

de" =Me.do

Determination of EP; and V,
up to large strain domain

V body: introduces viscous effects

W%

No for “classical’
Isotach bhaviour

Di Benedetto et al 02

21/09/2006

Hypoelastic model DBGS
(Di Benedetto, Geoffroy, Sauzéat)

1
de=M¢do Me=—(S,Z+S)
F(e)

/1/61“‘ 0 0 0 ! -V -vy 0 )

0 1/s,m 0 0 Vo 1 v, 0

0 0 l/o™ O ' Vo Vo 10
10 0 0 Ity

o=

_ 0 0 0 l/omc;m2
In the principal axes of stress (12 and 23
directions not written)
(from isotropic initial state)
= v,and m : constants
= F(e) : function of the void ratio e

Not developed in
this presentation

Model For Bituminous mixtures
DBN law (Di Benedetto, Neifar)

Instantaneous
strain/stress
& brittle

Simple V bodies
Each EP body behaves as a non cohesive granular
material
Not developed in
this presentation

Ao, = fi(Ag))

Viscous Evanescent (VE) : new type of body

Isotach

G" Test at constant £'P rate ‘ —
«—O0'= G\vism:lcl

gy

d .
Pure viscous evanescent

Intermediate type

Strain (£*7(t))

And ition during hist
nd superposition during

v ] vp ~ VP " 4
o (@ — o ®
@ I O-imrm'/i(;(i S (/(‘u’u‘(glt') é(z)) d"(}()
=0

Classical isotach behaviour

11
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Models proposed following the geomaterials Creep or relaxation or change inD :V

Type of mode C—> Strain non negligible but still small (<qqg. 10-3)

*New isotach : 6V~ *TESRA *General TESRA
(cf. viscous coefficient 3) *Pure VE E
Tangent : different if

Tvoe of materials loading or unloading

city Clays Clean san / plasticity Clays
Soft rocks Cement mixed soils Chiba Gravels
Bituminous materials (& ageing) ..... Soft rocks .....

HDB 09/06 - 67 HDB 09/ 06 - 68

13 relaxation peri

a) —— 8073 0005 - b) a) o 07 21
) = Zoom up r o q=479kPa
5t 200.72 sra £ oo Fig. 8b ] 10, ,=597 kPa
g 40071sa | E . o i © q=625kPa
6 a4l 2 0,005 \ 4 [ o o
i ¢ & =208 % Y
% Zoom up £ 0010 F 4l 2 oo
& : g 0010 ;=400 kP3| 3 2 2 7000
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° p > o o
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i 5 18 &g 2
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2 1 00000
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44 a) Test 400.71_sra 0,004 b) Test 400.71_sra 10 T T T T T 0 { T T T T
: (0:=400kPa ; 0=0.71) B T A (0:=400kPa ; €,=0.71) c) d) O q=493kPa O q=762kPa
. oo lE A ‘ S e e
13 sk . o= a & o= a
42 4 > e < 0,002 ~ 000090 40 Toq 5 o
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: : A et o] relaxation periods:
I t d ) t I d H _?_TWE , J
relaxation periods: triaxial ary Ho 2 .
| Triaxial dry Hostun
40 i B d
60 : £,26.10"%/min | Sa n
- - - . . 05 : - - - - j
°5 200.71_0,/m Relaxation s % 20072_10i Relaxation f initial deviator stress q, E g i
40 | 00a, ] 10 - 0 448kPa 1 | i .
i) ”DDEDDDDDD + 574kPa P £,26.107%/min
| 20| 0%2)%000000 LI B © 637kPa E 10 1
§ O A 82999900000 000, I ?
3 000000, ©90000000000000] 2 120 4
E 30 000000 00mo0 s 5 00 ] : £,=6.10"%/min | ti litud
& 0 5 3 S R . L L N L L L L
E -40 - 1 § : ey R Duunnnunnuuuuuunnﬂuum 1400 200 400 600 800 1000 1200 1400 1600 1800 2000 re axa Ion amp I u eS
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3 o 631kPa 3 et ©
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0 200 400 600 800 1000 1200 200 400 600 800 1000 120 E ;;“:5“0 9/min
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L L L
600 800 1000

. .
.40 1200
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Creep periods : Parameter b ook Creep periods:
A Toyoura n: G\’/éV:f(éV)

K77.88_T : ¢,=0,88 ; P=77kPa ; K =Pls =0,5

simulations

Simulation 1+b
257
€

<= Type K tests
c' =1,
s Mo

+ Point4 (-

000

Contrainte de cisaillement, t(kPa)

-
-G =1, |

0 > 1500 Point 2 (:=40kPa!
dy/dt (10°/s) 4 1  Point 2 (=40kPa)

__ ‘ b=-0,95 (Szlmds) ‘ 1000 e
,90 (mixtures) : g o4 ***j

Distorsion, y(% €_* 549 | Point 1 (:=20kPa),
[ e - -Point 6 (=20kPa)

- Mo (h) 3 > Point 5 (=0

! . N
Fom2 (100 KE8) 3 - Point 3 (+=0kPa)
Point 3 (=150 kPa) i \ . Type C tests
Point 4 (q=200 kPa) : -
Paint 5 (4-250 kPa) | Point 4 (x=-40kPa)

4000 6000 8000

o 10" 10° )
de /dt (10°/5) time (s)

HDB 09/ 06 - 74

Relaxation periods : simulation Evolution of n, for dry Hostun sand

: ,fi‘"l?%il“‘ Hostun sand (dry)

Classical triaxial tests
C type test — (creep & relaxation)

Dry Hostun sand
actiot=0,6%/min : A
05 3-200kPa Simulation
) €0=0,95 g
" ' =,

00% 05% 10% 15% 20% 25% 3.0%
el

Slope = 1/0.15
Il

|
& !

0 “ +~ Hollow cylinder T4CStaDy 1

i i 3 (C, T & K type tests) 1

100 150 200 250 300
no(h)

optimal Mo(kPa)

Max o (kPa)

Easy 3D
extension

HDB 76

Mo ()10 1y = o* max(c) =
a*=0.15 for sands

ARR
Triaxial dry Hostun sand
ol=0,15+ 0,02/%/
0,05 q
0 . j | * n, from stepwise change in the strain rate ("sra" test)
o n, from relaxation periods (80.7,80.9,200.7,200.9,400.7,400.9) *
vos = | 350 [{ 4 " om coep b (ocy.ci K
300 |-
-0,1 .
' creep periods (59
o0 0.02 0.03 0001 001 0, 1,10 100 1000 . 250 - * 73S pp (59),
€, (m/m) Log(&,/&) 5 e i ]
< 00l & relaxation periods
3 § : = *oly =015
Application for change in D Hostun 1ol St EY Al (191).
© relaxation * A* 110:‘1*-'51:“:“
100 P stepwise changes
[ a :
Simulation , . > a :
o 1+b Q*ZO,IS *A 35 AK inD (42)
v _ & 50 - A RN
G =1,
0 0 200 400 600 800 1000 1200 1400 1600 1800 20(
N = o* max(c) % (KP2)
1000 1500 20‘00
O max (KP2)

13



Dry Hostun and Toyoura

| Hostun & Toyoura

8
#=0,15410%,%

“T4C StaDy”

Hostun : Triaxial
(Pham Van Bang, 2004)

<
| &%
| ‘X‘ Creep/relaxation/change in D

4 | <
v <

0 400 800 1200 1600
192 creeps o (kPa)

Undrained tests : simulations

Undrained triaxial tests after isotropic and anisotropic consolidation

Very loose RF Hostun sand: e = 1.0

Simulation (slow

drained

> **, consolidation or

= i Wg AlcreepinA)

Simulation (fast < 1

/. drained consolidg&ioﬁ
or undraing Wading
and no sréep in A)

e
7 Anisotropi¢,
elasto-plastj
models not addpte
Sviscous effects”!

100 150 200
p' (kPa)

Modelling TSRS Test
(Thermo-mechanical behaviour)

/ monotonous

S
de =0

AT

cyclic

dsmech 4L dsthermal = 0

/

DBN model adT
(o~ 30 10" m/m/°C)

21/09/2006

Hostun and Toyoura and mixtures

M15M30
(essais C) .~

Hostun & Toyoura & M15 & M30
@*=0,210£10%

o ]

e ™~ Toyoura (essais C, K,)

a*=0,135+t10%
- ° o i
° -

»

“

e

Y

“4 Hostun (essais C, K )

114 creep

— o
= o &6

300 400 500 600
o (kPa)

Simulation of constant strain rate

traction tests

PMB mix

PMB2 mix at 300*10-8m/m/h

oo omet  ooots 0o
Strain s

PMB2 mix at 45000*10-8m/m/h

Tansbe Stress (MP3)
h

strain [mim)

Pure bitumen mix

S0/70 mix at 300°10-8mimih

Toenile Stress MP3)

Stran (momp

S0T0 mix at 450007 10-8m/m/h

Tensite Strevs (MPa)
X

Simulations of cyclic TSRST

(%]

] 10/20 mix 0//‘."‘ — thermal stress
+ tensile strel t 200"10-Bmimm
4 . & ’8 nsile strength a
Seer
day Sinusoidal variation of the

L \\N

\femperature between —
2Q°C and 20°C, in 24 hours

Stress (MPa)
1]

AN

* tension

Y compression

-30 -20

-10 0
Temperature (°C)

o AN

O
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3 D formalism
hypoelastic o’

e EP2 body : use 3D expression

e V body only one scalar equation and a
mapping rule
— Same equation 1D with:

— Mapping rule : direction of d(c?)

Conclusion

e Investigation on sands, sand/clay mixtures
and bituminous materials

e Similarity of behaviour for these materials

e For certain loading conditions : linear
behaviour

e Viscous effects non negligible (small or
very important) act from small to large
strain domain

e Non linearities and irreversibilities

e 3 components model appears to be a
powerful formalism which can be extended

21/09/2006

Mapping rule

With viscous
evanescent property

Isotach case

c" and dof have the

_r More complex expression
same direction B pressio

history dependent
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