Construction and Building Materials 139 (2017) 24-33

Contents lists available at ScienceDirect "ions"udion
and Building
Construction and Building Materials MR

journal homepage: www.elsevier.com/locate/conbuildmat

Complex modulus and fatigue resistance of bituminous mixtures @CmssMark
containing hydrated lime

Cong Viet Phan **, Hervé Di Benedetto %, Cédric Sauzéat?, Didier Lesueur ”, Simon Pouget ¢, Francois Olard ,
Stéphane Dupriet ¢

2 Univ Lyon, Ecole Nationale des TPE, LTDS (CNRS UMR 5513), rue Maurice Audin, F-69518 Vaulx-en-Velin Cedex, France
Y LHOIST Group, Research & Innovation Department, rue de I'Industrie, 31, B-1400 Nivelles, Belgium

€ EIFFAGE Infrastructures, Research & Innovation Department, 8 rue du Dauphiné CS 74005, 69964 Corbas Cedex, France
9dEIFFAGE Infrastructures, Ciry-Salsogne Central Laboratory, 9 rue de Condé, 02220 Ciry-Salsogne, France

HIGHLIGHTS GRAPHICAL ABSTRACT

« Effect of hydrated lime on stiffness
and fatigue of bituminous mixtures is
analyzed.

« Statistical analysis is applied on
experimental results. )

« Hydrated lime does not influence Ve o atsad parametcrs
fatigue parameter &g of mixtures. s

« Use of hydrated lime filler causes an
increase of complex modulus.

Master curves
_itaaaoctooo—AE, £
]

i s
E*(15°C, 10H2) ||

[E*(15°C,10H2); By Agurs 514

Tg=15°C &12
i wss®
o 125

14

ha

2

E+5  LE9

3 1EA 1 i
ar.frequency (Hz) Bitumen(%) A Hydrated lime(%)

Surface response methodology

Example
and statistical analysis

Bitumen|
135/50

0% 125% :
Hydrated lime contents ‘Wohler curve

log cyeles

4 \*

st Gog iy
ARTICLE INFO ABSTRACT
Article history: An ongoing study on influence of hydrated lime on mechanical properties of bituminous mixtures is car-
Received 28 April 2016 ried out. In this paper we focus on Linear ViscoElastic (LVE) properties and fatigue behavior.
Rece“’e‘é n revi)sf’d form 7 February 2017 Nine mixtures were produced with the same 35/50 penetration grade bitumen, three different bitumen
Accepted 10 February 2017 contents (4.4%, 5.1%, 5.8%) and three different hydrated lime contents (0%, 1.25%, 2.5%). Hydrated lime

replaces a part of limestone filler (the mass of removed filler for the same mass of added hydrated lime).

LVE properties of mixtures (complex Young’s modulus) were determined using a tension/compression

test developed at University of Lyon/ENTPE. In the same time, two points bending tests were used to eval-

Linear viscoelastic properties uate fatigue resistance. . . X X

Fatigue resistance Surface response methodology and ANOVA (ANalysis Of VAriance) were carried out on experimental

Hydrated lime data obtained for different responses in order to evaluate the influence of bitumen content and hydrated
lime content on linear viscoelastic properties and fatigue resistance.

Time-Temperature Superposition Principle (TTSP) was verified with good approximation using very
close shift factors for all tested materials. The use of hydrated lime filler (instead of limestone filler)
induces an increase of complex modulus. Its effect increases with hydrated lime content. Hydrated lime
does not change fatigue resistance of mixtures.
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1. Introduction

Hydrated lime has been used in bituminous mixtures for a long
time in order to increase resistance to moisture damage and frost.
However, its effect on complex modulus and fatigue resistance is
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still an active research field as demonstrated by the high number
of recent publications. Several studies [1-7] researched on the
effect of hydrated lime on linear viscoelastic properties of bitumi-
nous mixtures. These works showed that the complex modulus of
mixtures does not always increase with hydrated lime content
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Fig. 1. General view of the experiment (left) and strain measurement system (right) developed at University of Lyon/ENTPE to obtain the axial strain.
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Fig. 2. Temperature chronology of each test (a) and chronology of applied frequencies at each temperature: 35 °C, 45 °C, 52 °C (b) and from 10 °C to 25 °C (c). All cyclic

loadings at fixed strain amplitude of 50 um/m.
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