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Context
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DUREE DE VIE DES CHAUSSEES

1. Pavement damage mechanisms
1.5 Winter damage
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Thermal Stress

oo | TRGRGMEEREREIGBURIRENN |  Restrained Specimen Test

[ = Failure (TS RST)

’%,,; 4 Temperature

Ty s
.. . o~ influence . .
-2 7 [Non e . Rutting for cyclic stress

linear || ™ Complex loadings from 0

D modulus (E*)

. Fatigue test
Linear
ViscoElasticity
M Lo  Thermomechanical coupling
1 2 3 > 0 LOG(N S s Failure
""" *&A 4 Temperature
4 ™. g _influence , ,
Non B \5\ Rutting for cyclic stress
. linear loadings from 0
o e S
f‘--_ ./'Deformability ....................
............. -y
Linear
ViscoElasticity

Restitution publique des résultafts
7 novembre 2023, ENTPE, Vaulx-en-Velin 4




=/ bvbC MATERIAL AND SPECIMENS

Material : BBSG 0/10mm (class 2), bitumen 50/70, aimed %void 8%

Step 1 : Samples preparation

4 . ) ( N é N
Material Slabs compacted ,
: : Specimens cored :
- Unaged with a rolling i the slabs Specimens stored
- Aged wheel compactor
9 « RILEM » method . N D After 2 weeks, measurement of )
4h @ 135°C mass m, & volume V,=> %void TEV,

— +9days @ 85°C

Step 2 . Conditioning Step 3 : Thermomecanical tests
Specimens selected Specimens Lomplex modulusf
according to TEV, conditionning Thermal Stress Restrained
) Specimen Test (TSRST),
During conditioning, mesureament of Fatigue
mass & volume
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=/ bubc DIFFERENTS CONDITIONNEMENTS

Vacuum saturation

Freezing,
W I] t ' Specimen in a plastic bag

with 10cl| water

Pycnométre Manométre
Pompe av d

Des icat

U
o

o
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Freeze-Thaw cycles (12h)
Cycles number : 10 ou 50
Amplitude : cycles FT from -15°C to 10°C
cycles HF from -15°C to 50°C

Freeze-Thaw (FT)
Heating-Freeze (HF)

Amplitude de température

= =
wn o
(@] (@]

CYC|eS HC from TO Heating-Cooling (HC)
FT HF HC Cycle
Drying, vacuum drying or no drying
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Complex modulus test: festing devices

Cylindrical specimen
section

7 Extensometers

Non-contact
displacement
sensors

Thermal
gauge

Specimens size:
D~75mm; H~140mm
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Complex modulus test: sollicitations

Strain controlled cycles:
amplitude e, ~50.10¢

Temperature sweep =

Time (h)
60

Test for 35°C

A
/ ™
‘ Test for -25 to 25°C
100 pe __
~ | 10
i 10 3 o
S 1 5 F
c ' :: w : 2 £
o 01 i ;;F Bl e < Frequency sweep
o 01 = i e e .
s o }%_ I (depending on T°C)
] i "o @ !
0,01 ittt 1 ! ! [ TR i
0,003 ; A A
T I i A A " : Time (h)
0,001 ! ! : ! ! ! (N ! H 1
43 45 47 4.9 5,1 53 55
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=/ bVbC THERMOMECHANICAL TESTS @ENTPE

Thermal Stress Restrained Specimen Test(TSRST)
= Same device as E* tests
= Conditions:
« Specimen : D ~ 60mm; H ~225mm
« Starting temperature:. 20°C
« Cooling rafe: -10°C/h

| (Rolling dir.)
Top ca
pcap Il (Vertical)
Extensometers Thermal

gauge PT100 .

Specimen

Ring support

Non-contact
sensors

Bottom cap
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2 experimental campaigns

Campaign with Freeze-Thaw cycles
Effect of stauration and freeze-thaw cycles on thermomechanical properties

- Specimens evolution (air voids content, saturation, volumetric strain) during the
different conditioning phases : safuration/drying and freeze-thaw cycles

Campaign with Freeze-Cool-Hot cycles (FT - HC)

Effects of damage at high temperature compared with effects of damage
during freeze-thaw cycles

-2 From procedures of « water sensibility » tests (AASHTO T283, NF EN 12697-12)
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=/ bvDC THERMOMECHANICAL TESTS @ENTPE

2 experimental campaigns
Campaign with Freeze-Thaw cycles

STATE NUMBER STATE
MATERIAL DURING OF AgﬂFPéc'cl:-sts BEFORE E* TSRST FATIGUE
FT CYCLES FT CYCLES TESTS
Dry Ory

B
>

-
Dry
Dry >
Aged <:
:

Campaign with Freeze-Cool-Hot cycles
Jd0 !] Freeze — Thaw (FT): -15°C<»>10°C
Unaged Saturé Dry 1 - Heating - Freeze (HF): -15°C<> 50°C
Aged g - v I Heating - Cooling (HC): 10°C¢<>50°C
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=/ bvbe RESULTS

Specimen evolution during conditioning phases: saturation

Point (3) Début de Point (3i) pendant la
Point (2) phase de ‘séchage phase de séchage
Aprés de la |
90 saturq:c-i_om” + R
80 -
— 70
0\0 1
2 60 ;
;% 50 ; X.c 10FTiséchage
2 F sans vide
c 40 i /
= 30 ] IR
o ! / ! X.a 10 FT séchage
2 20 ! [ sous vide X.b 50 FT séchage
10 / — /4 7 sous vide
/ " !
o —t——
Point (1) /
/ 10 15 20 45
Avant de la Time(day) :
saturation X.d O FT séchage Y X.e OFT séchage
sous vide sous vide

* Saturation degree under vacuum : approx.70%
* Specimen completely dry after 6 months storage (in office ambient)
* Drying: undervacuum - After 7 days, DS < 5%
- desaturation faster without freeze-thaw cycles (OFT)
without vacuum —-> desaturation slower than under vacuum
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Specimen evolution during conditioning phases

Conclusions:

* Degree of saturation reached: approx. 70%
* Drying under vacuum efficient: DS < 5% after 1 week

* Observed specimens evolution due to applied conditioning:
Volume increase, %voids increase

- greatly explained by the effect of freeze-thaw cycles
- partly explained by the effect of vacuum during drying

—> Important to correct the value of %voids, TEV,, measured just
after coring (approx. 2% increase)

e Assumption of dry specimens after storage: true
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Complex modulus E*

4 000

Plan de Cole-Cole

3000

OFT

s | = S
S| £ 2000 » Not significant effect of cycles
| @ Freeze-Thaw (FT) cycles on unaged
1000 | - B& {50FT material
[ Higher \ Lower

0 | = %voids “6voids > Not significant effect of Hot-Freeze
0 10 000 20 Guu >u 000 4u vuu
E, (MPa) (HC) or Hot-Cold (HC)cycles on
aged material
4000
» 2S2P1D model describes correctly
0% L e T e OFT experimental data

Aged
E, (MPa)
o
8

> Ey decreases as %voids increases

1000

10 .Higher

Lower
0 %voids %voids
|
e — 0 10000 20000 30000 40000
E, (MPa) que des résultats
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Complex modulus E*

39000 S . @
X y = -832.95x + 41 304.37
38000 |/ . :
37000 |\ R2 = 0.65
’a \\\ nn\""“{‘n.»\ %\\\‘ ,,/"— .--.-"\
o 36000 \‘\ . \/\< "'-.\_\\‘:|_'\{/
\\ B ,’fz-
= 35000 _ / ‘ﬁ
L i R
34000 AGED e ’,
>1< e
3300 UNAGED |
32000 N
4 5 6 7 8 9 10 11
TEV

» E, decreases approx. 800MPa as %voids
increases of 1%
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RESULTS

» Not significant effect of cycles
Freeze-Thaw (FT) cycles on unaged
material

» Noft significant effect of Hot-Freeze
(HC) or Hot-Cold (HC)cycles on
aged material

» 2S2P1D model describes correctly
experimental data

> E, decreases as %voids increases




RESULTS

Thermal Siress Resirained ipfcimen Test (TSRST)
OFT
= . sa:ure :z ~
oAl . & > Similar curve for specimen tested in
' e dry state after freeze-thaw (FT)
s 3 cycles
0 » For speciment tested in wet
N conqlmons (sa’rurq’rgd), remarkable
Temperature © 000 freezing effect, distinct
(b) 800 E
— 600 E > For specimens already subjected fo
saturé \\ ' sgtFuTré ;gg __3:_ CYCleS
>N 0 g : :
Mg S 200 3 » For specimen never subjected to
400 2 . .
w00 B cycles (delay in tensile stress)
-800
-1 000
- -1200
5 0 -5 -10 -15 -20 -25 -30
Temperature
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Thermal Siress Resirained Specimen Test (TSRST)

OFT

saturéy 4.5 > Performances Failure axial stress
: 4 35 ® —
AW ]
S s £ 4,0
oy 25 5 2
o 2 3,5
) / 15 4 I !
! o el Tl‘.l v e
, X — 3,0 L i
S et _ra Pl 05 & s o | I ' i
v o --'7,— - ( o )
ﬁ' V -0.5 2,5
10FT .
saturé -1.5 Failure temperature
5 0 -5 -10 -15 -20 -25 -30 -10,0
Temperature [8) 3 8
1000 o o l
(b) 800 £ S-200 (M}
600 £ © \
10FT % g_ 3
saturé [~ < OFT :gg S, £ 1 Unaged Aged
] g Q
c ~ -30,0
0 s AREANE AT R R R
200 @ R N G
400 5
600 &
800 mmsm Unaged tested dry
-1000 ===y Unaged tested sat.
-1200
25 30 WS Aged tested dry
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o
Fatigue .
g Wohler curve
120 + Y= 410,54)(0’11 A X
R2=0,93
S50FTdry TN
X X y =363,47x%10
R2=0,60
é % OFT sat.
3 €6 OF T sat=91.3um/m| ot
= 436,540
< €6 50FT dry =89.8um/m Y N 6’; X~ 0
6 OFT dry =83.2um/m| . RN
OFTdry ]
60
1,0E+04 1,0E+05 1,0E+06

Nf—moy {CyClES)

» Negligible effects of saturation and 50 Freeze-Thaw cycles
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=/ bvDC CONCLUSIONS

» Complex modulus E*

= Saturated mixture without freeze-thaw cycles:

* Only effect on | E*| and shift factor o for T < 0°C - effect from fozen water

* No effect on phase angle ¢ et ar, 2 no effect on « viscous » properties from binder
= Dry mixture:

» No significant effect of freeze-thaw cycles (up to N < 50)

 Significant effects of Hot-Freeze and Hot-Cool cycles - high T effect (ageing)

» Thermal Stress Restrained Specimen Test
= Saturated mixture: effect on evolution of o-T, on T, ;e AN ON G116
= Dry mixture: no significant effect of freeze-thaw cycles, neither hot cycles

» Fafigue test
= Dry mixture:
« No significant effect of freeze-thaw cycles (up to N < 50)
« No significant effect of saturation
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