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ABSTRACT

The study investigates the effect of modified asphalt emulsion on concrete protective course for steel bridges.
Modified asphalt emulsion concrete protective course (MAECPC) isamixture of asphalt emulsion, latex emulsion
polymer and aggregates. The strength performances of the MAEC were tested through laboratory experiments.
Theresults show that the MAEC has better performance, cracking resistance, bending strength, abrasion resistance
and the linear contraction coefficient compared with Portland cement concrete (PCC), and stone mastic asphalt
(SMA). It could be concluded that MAEC is a good materia for protective course of railway bridge deck.
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INTRODUCTION

Because of the savings and advantages, thousands
of orthotropic deck bridgeshave been or arebeing built
throughout the world. However, because of their
flexibility, thedurability of the surfacing structureon
orthotropic sted bridgesremainsabigproblem. Fatigue
cracksintheoverlay at right anglesof theorthotropic
platestiffenersand shear cracksat theinterface between
the overlay and stedl plate arethefrequently reported
damage'¥. Frequent resurfacing resultsin huge costs
and thus in reduced road network availability. The
Merwedebrug Bridgeinthe Netherlands and Wuhan
Baishazhou Yangzi River Bridge in Chinaare good
examples. The past performance of the M erwedebrug
Bridge showed that the asphalt overlay structureson
average required reconstruction every six years.
Between reconstruction works, smaller repairswere
frequently required to keep these structures
operationa?. In order to improve the durability of
overlay structure on bridge, alarge research project

hasbeen carried out by Ddlft University of Technology!3.
Thisproject combined |aboratory test, finite element
modeling and validation by means of accelerated
pavement testing. Focuswas ontheeffect of membrane
performance. A similar research project was aso
initiated to lengthen the service life of the overlay
structures by Wuhan University of Technology!.
Because of unsuccessful experienceson asphdt concrete
overlay and epoxy asphalt concrete®, epoxy polymer
concrete, which comprisesaseriesof epoxy binder and
aggregate broadcast applications, wasintroduced®.
Thin epoxy polymer concrete overlayswere reported
to be successfully applied on concrete and steel bridge
decksin USA, Li et a.[® found out that cement —
asphalt emulsion composite (CAEC) had most of the
features of both cement and asphalt, that isincreased
fatiguelife, higher toughness, enhanced strain ability,
lower temperature susceptibility. It is a known the
application of asphalt emulsion for cement asphalt
mortar (CAM) whichiskey engineeringmateria inthe
slab track system of high-speed railways in Japan,


mailto:dr_ismailmohamed@yahoo.com

MSAIJ, 14(11) 2016

I.M.lbrahim et al

465

Germany or Chind®**¥, Thedosageof asphdtin CAM
ismuch higher than the specified dosagefor admixtures
in concretel??®¥. Song et a.['*? recommend limiting
asphalt — cement ratio to 20%. Waterproofness,
carbonation resistance and chloride ion penetration
resistance of CAM increased with increased asphalt
dosage. In contrast, their compressive strength and
adhesionintension decreasewith asphat—cement ratio
increased. Nowadays, amost all stedl bridgesdecks
usetheAC astheir wearing course. In this case, the
flexible protective courseisdrawing moreand more
attentions.

Modified agphdt emulson concrete (EAC) hasbeen
proven to be an excellent material. Given the good
mechanical performanceof theEAC, itisconsidered
to bethemateria of protective courseon therailway
bridge.

The main objective of thiswork isto assessthe
feasibility of usng MAEC asthe protective courseon
therailway sted bridge. In doing so, this paper presents
theexperimental and numericad anadysestoevauatethe
materid characteristicsand thestructurd performances
of this flexible protective course. The material
characteristicsof the M AEC were assessed through a
|aboratory experiment; and thestructural performances
of the MAECPC were investigated by a numerical
analysisof atypicd ralroad bridgewithan MAECPC.

MODIFIEDASPHALT EMULSION
CONCRETE PROTECTIVE COURSE

Modified asphalt emulsion concrete protective
course (MAECPC) isamixture of asphat emulsion,
latex emulsion polymer and aggregates. The polymer
modified asphalt emulsion, a material has brought
improved properties and better performancesto the
concrete. Modified asphalt emul sion concrete hasgood
strength performances when used as the pavement
meaterid.
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Modified asphalt emulsion concreteis selected to
build themodified asphalt emul sion protective course
for theorthotropic sted bridges. Thetypicd structure
of thebridgedeck systemisshowninFigure 1, where
themodified asphdt emulsion protective courseisacting
asboththeprotectivelayer and apart of thestedl deck
system. Following aresometechnica requirementsfor
the protective course: (1) to protect the waterproof
membrane, (2) it must have good cooperative
workability with other components of thesystem; and
(3) it must have good structurd performancewhen used
inthebridge deck system.

Figurel: Thetypical structureof thebridgedeck system; 1.
Substrate reinforced concrete 2. Water proof coating 3.
MAEC protective4. Ballast

EXPERIMENTAL STUDIES

Materialsand preparation

1. Materials

asphdt emulsion, latex emulsion, cement, sand and
basdt aggregatewere used in thiswork. Thetechnique
indicesof latex emulsion and basdt aggregate arelisted
iInTABLE 1. Ordinary Portland cement OPC complying
with Egyptian Standard Specification E.S.S373/1993
was applied. High rang water reducing chemical
admixture Sikament 163 produced by Sika Egypt
Company was used. It complieswith ASTM C 494

TABLE 1: Techniqueindicesof latex emulsion and basalt aggregate

Latex emulsion

Basalt aggregate

Properties Values Properties Values
Solids Content, % 63 Los Angeles abrasion value (%) 115
Viscosity, Brookfield 800 Crushing value (%) 8.9
Monomer Ratio, (Styrene /Butadiene) 24/76 Apparent density (g/cm3) 291
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typeF and B.S. 5057 part 3for Super plasticizer.
2. Prepar ation of asphalt emulsion

Asphdt emulsionsaremanufactured by passing hot
agphat and water containing emulsfying agentsthrough
acolloid mill under high pressure. The colloid mill
producesextremely small (lessthan 5-10 ) globules
of asphalt, which are suspended in water. TABLE 2
presentsthemain propertiesof asphalt emulsion.

TABLE 2: Main propertiesof asphalt emulsion

Physical properties Value
Test on emulsion:
- Viscosity — Saybolt Furol at 25°C. 25
- Settlement and storage stability test 24h %. 0.7
- Sieve test %. 0.15
- Residue by Evaporation of Emulsified Asphalt 626
at 163 °C. %
- Residue from distillation to 360 °C, % 63
- Drying time, min. 26
- Solubility in water. good

Test on residue from distillation:

- Penetration at 25°C 100 g, 5 seconds, 0.1 mm 43
- Ductility at 25 °C, 5 cm/min, cm. +100
- Solubility in trichloroethylene, %. 98

3. Preparation of modified asphalt emulsion
concrete(MAEC)

Cement, sand, gravel, and water werefirst mixed
for 2min at 350 rpm, and then, the amount of asphalt
and latex emulsions(1:1 by weight) wereadded at 8%
based on theweight of cement. Theamountsof water
inthe polymer solution wereincluded inthe water-to-
cement ratios. Super plasticizer wasadded to thefresh
concrete during mixing to achieveauniformmix with
about 180 mm dump.

Strength testsprogram

Thestrong compressivestrengthisthemain reason
of the extensive use of the Portland cement concrete
protective course (PCCPC). Therefore, toreplacethe
PCCPC, theMAECPC should have good compressive
strength. In addition, cracking isthe main distress of
the PCCPC, the cracking resistance of MAECPC
should be evaluated to ensure the MAECPC would
not fail likethe PCCPC.

In thisstudy, the compressivetest and the wheel
tracking test were conducted to examinethecompressive

strength of theMAEC. Meanwhile, thebending beam
test was adopted to evaluate its cracking resistance
performance. Thestrength performancesof theMAEC
and PCC (28 day of curing 25*2°C and 98 *' % of
temperature and relative humidity, respectively.) and
stone mastic asphalt (SMA) whichisawidely used
pavement material werea so tested for comparison.

1. Compressive strength test

Compressivestrength test of MAEC was conducted
following thetest method in BS 18814, During the
test, three cylindrical specimens, measuring 100 mm
diameter by 1000mmheght, weretestedusngauniversd
test machineat 25 °C, with a load rate of 2 mm/min.

2. Three—point bending fracture test

Thetenslestrengthisanimportant index toevaluate
the crack resistance of the paving material. Asshown
inFigure2, thethree-point bending beam sampleswith
adimension of 250 mm x 50 mmx 50 mm were made
of the same batches of asthe compression samples,
dlabswerefirstly cut into 250 x 30 x 35 mm beams,
and thentested by universal testingmachine. Theloading
ratewas5 mmmin?at 25°C.

Figure2: Three-point bending fracturetest setup

3. Whesl tracking test

TheWhee Tracking Test (WTT) was used to
characterize the asphalt mixturerutting performance
under laboratory controlled conditions. Whed tracking
tests were conducted at 60°C to evaluate the high
temperature performance of the MAEC. Thedynamic
stability (DS) can be calculated accordingto Eq. (1).
Thecurveof deformationvs. timeisshownin Figure 3.
DS=(t,—t)xN/(d,~d) 1)
Where: N, number of wheel passes.
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Cooperative performancetests

Inaddition to thegood strength performances, asa
part of the bridge deck system, the MAEC should also
havegood cooperative performancewith theother parts
of the system. In this section, the abrasion resistance
test and thelinear contraction coefficient test will be
adopted to eval uate the cooperative performance of
MAECPC with other parts of the system under
constructionloadsand environmental loads.

1. Abrasion resistance test

Duringthecongruction of thebalast [ayer, vibrations
will begpplied ontotheba last [ayer. Thevibrationsand
loads will bring some negative influences to the
performance of the protective course under the ballast
layer, such asthe abrasion to the protective course. If
the protective course does not have good abrasion
resistance, it will loselots of massduring thevibration,
bringing severe damageto the MAEC. Therefore, to
ensurethat the protective course can work well with
theballast layer, agood abrasionresistanceisrequired
for the protective course material. For this purpose,
the abrasionresistancetest wasemployed to evaluate
the resistance performance of the MAEC to the
abrasion. Inthis paper the cement concrete and stone
meastic asphat (SVIA) were a so tested for comparison.

Surface abrasion was measured on thetop surface
of the saw-cut cube specimens from the slab in
accordance with ASTM C944119%, Three cubes were
extracted per mixturein order to producethree areas
of representative surface in accordance with the
gandard. First, the specimenwasplaced in therotating-
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cutter drill pressshownin Figure 4a. The device was
Set to rotate for two minutes at a speed of 200 rpm
exerting a constant load of 98 N (22 1bf). The total
diameter of the cutter shownin Fig. 4b was 82.5 mm
(3.51n). After each cycle of abrasion, loose material
was removed, and then the mass of the specimen was
measured tothenearest 0.1 g. The three results of mass
losswere averaged, and the abrasion resistance was
determined using Eq. (2):

SA=(W,-W,) x100/W  Eq. @)
Where: SA (Surface abrasion, %.), W, (Initial weight
of test specimen, gram) W, (Final weight of test

gpecimen, gram).

v A %)

(a) Rotatmg-Cutter Drill Press (c) Abraded Specimen
Figure4: Surfaceabrasion test

2. Linear contraction coefficient test

A linear contraction coefficient test device was
developed and the linear contraction coefficient of
MAEC wastested using thedeviceshownin Figure5.
Thetest device was put into atemperature chamber,
and the 250 x 30 x 35 mm, MAEC beam was placed
on a glass plane, fixed by two dia gauges. In the
beginning, the temperature chamber was set to 5 °C
and holdfor 4 h. Then after recording thevalue of the
dial gauges, the temperature dropped to the
temperatures of 0°C, -5°C, -10°C, and -15°C,
respectively, withall temperatureslastingfor 4 hand
the deformationsAT of the specimen were recorded
fromthedial gauge. Accordingto thedefinition of the
linear contraction coefficient statedin Eq. (3), thelinear
contraction coefficient during every temperaturedrop
can beca culated.
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a=£/AT=AL/L.AT ©)
Where

o is a contraction coefficient € is the thermo-strain of
thespecimen

L isalength specimen AT is a temperature change
AL is achange in length

Dizal gauge

MAEC baam

1
Glassplans
Figure5: Linear contraction coefficient test

RESULTSAND DISCUSSION

Compressivestrength test

Theresult of thecompressivetestislisedin TABLE
3 and Figure 6. It can be seen that the compressive
strength of MAEC is (41.2MPa) higher than that of
PCC (35.5MPa). However, it isover threetimesthan
that of SMA (11.4MPa). The compressivestrengths of
both MAEC and PCC can meet the requirements of
theprotectivecoursewdl, andthe SMA doesnot qudify
asthe protective course material.

Tensile strength test

Asshown in TABLE 3 and Figure 7, the tensile
srengthsof dl thethreemateria scould meet thecriteria
Moreover, among thethree materials, MAEC hasthe
largest indirect tensilestrength (6.4 M Pa) whilethe PCC
has the smallest one (4.8 MPa). It can be found that
MAEC hasmuch better cracking resistancethan PCC,
meaning that MAECPC can reduce the chance of
cracking and increasethe servicelifeof the protective
course. Ontheother hand, themaximumsranof MAEC
at 25°C is 0.98 x102 mm, whilethe strain of the PCC

TABLE 3: Srength performance

Strength performance Temperature°C MAEC PCC SMA
Compressive strength (Mpa) 25 41.2 355 114
Tensile strength (Mpa) 25 6.4 4.8 54
Dynamic stability (Cycles'mm) 60 -- -- 5215

Compressive strength (Mpa)

MAEC PCC SMA
Figure6: Effect of compressvestrength on different mate-
rials

can be hardly measured. This meansthat under load,
when thestedl deck deformed, theMAEC can deform
with the deck withinacertain rangewhilethe PCC can
barely dothis. Thisdeformation ability of MAEC can

Tensile strength (Mpa)

L S/
L L " T U B )

MAEC PCC SMA
Figure7: Effect of tensilestrength on different materials

reduce the interior stress of the waterproof layer and
hence reduce the chance of de-bonding. So it can be
inferred that the MAECPC has better cooperative
workability with the steel deck than the PCCPC.
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Thewheel trackingtest (Dynamic stability)

Thewhed tracking test resultscan beaso seenin
TABLE 3, wherethe dynamic stability isanindex to
eva uate the permanent deformation resistance of the
agphdt mixture. The permanent deformation resistance
is considered to be good when the DS greater than
3000 cyclessmm. It can be observed that the DS of the
both MAEC and PCC ishigher than that of the SMA,
indicating that MAEC hasavery good hightemperature
performance. Thismay bedueto thenot rutting depth
for both MAEC and PCC.

Abrasion resistance

Asseenin TABLE 4 and Figure 8, themass|oss of
MAEC wassmadller than commonly used concrete PCC
and SMA (2325 g/m?, 3115 g/m? and 3986 g/m?
respectively), meaning that the MAEC has better
abrasonresistance. Thisdifferencemay beassociated
with the specificlatex emulsion used in this study and
aso patidly explained by thedightly lower porosity of
MAEC mixtures; theresultsare very encouragingin
terms of the potential of MAEC when it comes to
surface durability. Sincethe PCCPC has been proved
to meet the abrasion requirement well, it can be
concluded that the MAECPC has better abrasion
res stanceto withstand the construction loads, meaning
that the M AECPC hasgood cooperative performances

> Fy// Poper
withthebdlast layer.
Thelinear contraction coefficient test

According tothedefinition of thelinear contraction
coefficient stated in EqQ. (1), the linear contraction
coefficient during every temperature drop can be
calculated aslistedin TABLE 5 and Figure 9, ascan
be seenthat thelinear contraction coefficient of MAEC
is1.74x 10°°Cthat isalittlelarger than that of the

TABLE 4: Abrasion resistancetest results

Concretetype Lossin mass (g/m?)
Modified asphalt emulsion concrete 2325
Portland cement concrete 3115
Stone mastic asphalt 3986
4000
T 3500
. 3000 F
~ Y 2500 2
9
~._ F 2000 E
ST 1500 §
1000
500
-
‘l 0
SMA Concrete MAEC

Figure 8 : Effect of different materialson abrasion resis-
tance

TABLE5: Linear contraction coefficient test results

Coefficient of linear contraction (-°C™)

Concretetype Average
0°C 0to-5°C -5t0-10°C -10to -15°C
MAEC 2.36 x10° 1.55x 10° 1.43x 10° 1.22x 10° 1.64x 107
SMA 3.40x 10° 3.15x10° 2.35x10° 2.10 x10° 2.75x 10°
Concrete 1.0-1.5x10°
Steel 1.2x10°
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Figure9: Effect of different materialson linear contraction
coefficient

sted and the cement concrete. Supposethetemperature

drops40 °C in a day and the average tensile modulus

of MAEC is3800 MPa, then according to Eq. (4), the

thermo-stressin MAECPC will be

(1.64-1.20) x 10°°C* x 40 °C

x 3800 M Pa=0.67 M Pa @)
Since thetensile strength of MAEC is 6.4 MPa

accordingtotheindirect tendlestrengthtest, no thermo-

crackingwill occurintheMAECPC.

CONCLUSION

e  Compressvedrengthof MAECishigher thanthat
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of PCCand SMA, The compressive strengths of
both MAEC and PCC can meet therequirements
of the protective coursewell, andthe SMA does
not qualify asthe protective coursematerid.

e  Dynamic gtability of theboth MAEC and PCCis
higher thanthat of the SMA, indicatingthat MAEC
hasavery good high temperature performance.

e MAEC hasthelargest indirect tensile strength.
MAEC has much better cracking resistancethan
PCC, meaning that MAECPC can reduce the
chanceof cracking andincreasetheservicelifeof
the protective course. MAECPC has better
cooperativeworkability withthe steel deck.

e MAEC hasbetter abrasion res stancethan PCC.
Since the PCCPC has been proved to meet the
abrasionrequirement well, it can be concluded that
the MAECPC has better abrasion resistanceto
withstand the construction | oads, meaning thet the
MAECPC has good cooperative performances
withthebdlast layer.

e Linear contraction coefficient of MAEC isdightly
larger than that of the tedl andthe cement concrete,
accordingtotheindirect tensile strength test, no
thermo-cracking will occurinthe MAECPC.
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