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Influences of Asphalt and Aggregate Types on Pavement Performance of
Pouring Semi-flexible Pavement

ZOU XigoYong', LIANG Xing Min®, WANG JueYing
{1 dindwa Higbway Administration, Zhejinng Jinhus 321013, Chinay 2. College of Civil and Transportation
Engloeering, Holul Unlversity, Naajing 210008, { ldas)

[ Abstract 1 Asphalt type and aggregate type of base asphalt mixture have important influence on the
pavement performance of the pouring semi-flexibde pavement. The Marshall specimens of fie pouring semi-fexible
pavement are formed with high-viscesity ssphall, SBS modified asphall, T0# road petroloum asphalt and basal
aggregate and limestone aggregate respectively, The rutting test, low kemperatire bram bending test and immersion
Marshall west are used 1o evaluate the performance of the pouring semi-flaxible pavement. The test results show that
the asphalt type hes linle effect on the dynamic stability and the residual stability of pouring semi-flexible pavement,
mainly on the low wempersture perfomance and e performance of base asphalt mixmre. And the T road
petroleun asphalt has a greamt reduction in the low temperature crack resistance of the pouring semi-fkexible
pavemnent, Aggregate type has lirtle effect on pouring pavement performance of semi-flexible pavement, Compared
with basalt apgregate, limestone aggregaie can improve the low femperature crack resistince and water damage
resistance of pouring semi-Aexible pavement. Considering the pavement performance and engineeting oost, it i
suggested that SBS modified asphalt and limesione aggregate can be used as asphalt and aggregate for pouring
semi-flexible pavement,

[ Keywords] Types of asphalt and aggregate; Pouring semi-flexible pavement; Pavement performance
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Table i Testing results of 13 basic performance indicators of asphalt

Test items PA SBS HY

Penetration (25°C.. 100g. 5s) /0. lmm 6.5 628 589
Ductility (5. Sem/minYem 5.1 321 384
Softening point /'C 474 g2 936

Flash points/C 330 315 E1
Density (15C) /gem™ 1.026 1027 1027
Solubility ( Trichloroethylene) /% 99 9.8 998

Dynamic Viscosity (60°C) /Pas 1582 14285 126920
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VR EEN, SR HEES (18 MERE (BS). 1-326 ) 8 BB SR % 10-1 5mm .
S~10mm. O-Smm, FHHRAGREEETE, S0 OEREERiERE 2 Fs.

%« ABBHBFEERE
Table 2 Basic Performance Indicators of Aggregates
Materials 1# (LS) 2% (1S) 3% (LS) “"’"’;: 12 (BS) 22 (BS) 3% (BS)
Appatent density/gem™® 1751 2746 2724 2 2,906 2,918 2889
Giross Bulk

Density Az cm- 7% 1706 2664 ! 2874 2,853 2823
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Table 3 Test vesulis of varipus indeves of coment-based grouting muteris!

“Test inems Uit Testresult  Technical requitement Ay
. 131 114 -
Fhaidity 8 144 10-16 0.5h
Segregation Rate % L2 <5 3h
Welume Change Raie L .2 A =836 Gl
Compressive Stength MPa 103 =l6.0 I
Flexural Stength —— MPa 17 =30
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Tahle 4 Mix design results of two aggregate types
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Table 5 Marshall specimens formed with different asphalt and sggregate types

; Flying loss rate
Asphalt and Grossbulk . _— Stream Leakage ving

apgregate types  density/gem®  vouogele SubiligKN - oh imm ratem "gg;:?m
PA+LS 1905 257 24 48.5 032 46,2
SBS+LS 1910 25,1 45 38.2 0.19 4.9
HV+LS 1912 248 49 255 o011 15,8
PA+BS 1947 25.6 / / 0.4 524
SBS+BS 1952 25.0 43 356 0.2 298
HV+BS 1.950 253 58 92 0.16 19.4
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Fable 6 Low tempersture sphittlag test results
Asphalt and aggregate types  Splitting tensile strength RyMPa Failure tensile dirain per Modulus of failure stiffoess Sy/MPa

PA+LS 1,862 2171 1637
SHS4LS 2,109 2653 1347
HV+LS 2,207 2968 1218
PA+ES 1,746 1824 1765
SBS+RS 2.083 2381 1427
HV+BS 2,185 2747 1315
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A Critical Appraisal on Pavement Performance of

Early-Strength Irrigated Semi-flexible Pavement

Xingmin Liang:¥, Xiaoyong Zou™, Wenxiu Wu® and Wenkun Wy

Wallepe af Choil and rransportation Engineering, Hohai sniversity, Nonjing 21009,  fing,
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Absstract: Barlyestoongth irigaed sentietlexible prosmend{ EISFP) % & new type of compesition pavessent with
the charscteristios of both agplall pavernend snd canent concrele pavesent, It has the sdvanteges of high
srennth in the beginning and fasd strength growth, EISPF13 Marshall specimens with voids of 209, 29% md
B of hase asphalt i e were formed nespectiviely. Rutting ted, low temperature trabecn ber hending test and
immension Marshall fea wene used 1o evaluste the high samperature paformance, low temperature performance
and water damsayge reststance of EISPF13 mainteined £ 3 bowrs and 28 davs, The te sesults show il the
pvement performance of EISPF=13 with Shour maintenance has reached more than 7086 of that which have
been manntained for 38 days. Monsaver, the dynamic sability, nsidual siabiliy of EISPF-13 maintsined fos
Fehenst te better than SMA-13 asphall misure, Low temperatune erack resistance of FISPE13 iz slightly poer,
Bt it can sl meet the technical requirements Considering its comprehensive rosd perfinmence # 13 sugnested
that EISPF can be nsed Bor the rond maintensnce with high traffic prssune becase 18 can withstand waific losds
afler 3-howr ainienance,

Keywords: EISPF13; S0 A13; Asplall Mixture; Road Performance of Mixure
L INTRODUCTION

Semi-flexible pavement|SFP) is s composition pavement which is formed by pouring cenent-based
grouting material into lrge void base asphalt mixture, This pavement structure not only retains the
main performance of asphalt concrete pavement, but also has some performance of cement concrete
pavement, Do to the interaction of aggre pates and grouting of cement mortar, the resistance 10 load of
SFP & improved, At the same time, the mytting resistance and water damage resistance of SFP ane muwch
betier than those of the conventional asphalt asphalt concrete pavementwhich grestly improves the
service life of pavement and reduces the cost of periodic maintenanece,

The earliest application of SFF began in 1934 at the unway of Cognac Airport in France, Afier
that, Japan and other coundries fimther improve the material snd constroction technology of SFF, and
carried out a kot of enginecring applications. The ficld test tesulis show that projects of SFP have
achieved good resultsh™?], A large number of studies also show fiat SFP has exoellent road performance,



Jean Mayert!) and others conducted a special investigation and study on the use of SFP in Copenhagen
Adrport, The investigation mesults show that SFP lus the characteristics of small shinkage, 5o cracks
and no plastic flow damage. So it is very suituble Tor heavy load wress. Setvawont™! believes that the
strength of SFF is mainly affected by the strength of coment paste. And the strengih of SFP is abowt
1% of that of coment paste. In addition, the compressive strength of SFP is also affoctad by asphalt
properties. The compressive sirength of SFP with soft asphalt is lower than that with hard ssphalt, but
the handness of agaregate and the void fraction of asphalt mixture matrix are sill he main factors
affecting the onmpressive strength. Hao Peiwen®™™) and otlers used various test metods 1o evaluse
the high temperature stability, low temperature crack nsistance, Biligee performance, water stability
and oil cotrosion resistance of SEP, The results show that SFP has excellent high femperature stability,
Fatigue resistance and oil comosion resistance, and good water stability and low temperature stability
when & was comed for 7 days.

A large number of experimentsl studies have shown that SFP bas excellmt pavement performance,
and has been verified by « large numbser of engincering applications. But at present, the strength of SFP
increases sowly and it's early strength is low, I takes at least 7 days, or even longer, from consiruction
and maintenance 1o open iaffic.lt is difficull & meet the requirements of rapid maintenance of heavy
and high traffic pressure sections, Theretfone, the purpose of this paper is 1o develop the EISFP. Various
test methods were used © evaluste it high temperatune performance, low fempemiure performance and
water damage resismnce when it was cured for 3 hours mnd 28 days.And compared with the
performance of SMA-13 asphalt mixiureit alse verifies whether the EISFP is suitble for the
maintenance wnd construction of the st open raflic in heavy affic section,

LMATERIALS AND METHODS

21.1Materials
The maerials vsed in this paper are asphalt binder, aggregatke and coment-based grouting material,
211 Asphals cement

The asphalt is SBS modified ssphalt produced in Jiangsu Province, China, The test indexes of the
asphalt are shown in Table 1, which can medt the requinements of the specification.

TABLE1 Test mesults of various indexes of SBS modified ssphalt

Praperties Rexuireme uts Test result
Penatration (25T, 100g. 5) &.1mm 3~y 465
Penetration index (PL) Actual record 03
Duetility (15C . Semfmin¥on =3 343
Soflening point CIRERY 1T =60 £5
Diyesmnrie viscosity 135 'C Pas <3 14
Density (15°C) Aghm3) Actual record LBy
Solubility (trichiorosthylene) /(%) >4 995
PG ograde Actual reoord P22
2. 1.2 Aggregaswe

The aggregaie in the test is basalt aggregate produced in Anhwi Province. The size of 1810 3 #



aggregate are 1-15mm, 3-10mm and §-5mm, Limesione powder is ore powder. The basic performance
of each grade agoregate and ome powder are shewn in Table 2,

TABLE I Basvic Performanos Bnbex of Aggregnte

Material i b1 W Ore pawder
Agpparent dengity (ghm®) 2457 2871 2883 274
Bulk density (gfom®) 2531 251 2523 !
Water abworption 95 032 A2 074 /
213 Cemenr-based growding

Dy porwder of cement-hased growting material was self-made in Wboratory, Waler coment ratio of
grouting material is .3 The performance of grouting maderial are tested as shown in Table 3,

TABLE 3 Test cesults of various indexes of comentabased grooting matercisl

Tt Do Linat et resuly Rieqjuizemsen Age

Fluility & 1.7 10~16 05h
Seprepation rae % 1.1 =5 3h
Wolume clonge rate % 14 =4}, 10-£1. 34 Hid
Cerrigaesaive strength Mpax 147 =g 3h
Flexural sirenzth WP 4.2 =24 Ih

2.2 Sample preparation of EISFP-13
2.2.1 Preparation of Mawix Asphalr Mixtiure

Ratio of matrix asphalt mixtre was designod by Wolume Design Method. The gradations of matrix
agphalt mixture with veidage of 2096, 25% and 30% are shown in Table 4,

TABLE 4 Gradution of Three Matric Asphalt 3Hxtures with Different Voids

Pammyrste of the following sieve (%)

Giraded voidage
166 132 95 475 2% 1108 06 03 015 0075
% W Y21 442 169 91 Al 55 4% 38 15
254% 106 4 871 312 113 83 58 54 44 3y 34
K% W0 K9 262 83 63 53 53 41 37 33

Stanckared Marshall specimens (1016 =833 mm cylinder diameter) and rutting plate specimens



{300 . 300 mm x50 mm) were formed by Marshall compaction method and wheel rolling method
respectively with different voids The ratio of asphalt is 3.0, the mixing femperature of mixture i
166 'C, and the forming temperature is 1 56°C . Gross volume density, voidage, Marshall sability,and
other indicators of specimens were tested a5 shown in Table 5. There is linle difference between the
maasured and designed voidage, which indicates that the volume design method is more masonalsle,

TABLE S Test results of mephalt naixtures with ¢ilferent voids

Designed Messured  Guwsbalk  Siahiliy Flow Leakage Flynglos Dynamic

voidage  voidage (%) demity (KM value e (%) of Cantabro stubility
{gfem3) AL Torams ) (%) (times/mien )
AP AT 17 5% 26,1 L1y 178 1681
25% 252 Lasg 5.1 31.7 125 235 1347
3% 9 ERE ] 40 359 031 2.1 9l
2.2.2 Preparation af test pleces for EISFP-13

The preparation of EISFP-13 specimens mainly includes the following three steps:

(1) Seal the bottom and periphery of Marshall specimens and rutting plate specimens of base
asphalt mixre with 2075, 23% and 30% voids with tape. Then, the grouting material is prepared
aceording to water cement ratio of grouting material i 0.3, and powring the grouting material into the
basze asphalt mixture,

{2} Let e grouting material fow into the bese asphalt mixture by itself. When the growting
material no longer seeps down, scraped off e superfloous slurry on the surfice,

{3) Specimens: filled with grouting materia] are maintained in stndard maivenance room, The
curing conditions are as follows: the temperature is 20527 and the humidity i mone than 95%. The
specimens cured for3 howrs and 28 days are ken out for testing respectively.

231 Ruming teg

Rutting test is ofien used 1o evaluate the high emperature stability of asphalt mixture, it reflect the
ability of asphakt mixtune to resist deformation at high temperaturel, Rutting tests were carried out on
specimens of EISFP-13 maintained for 3 hours and 28 days and SMA-13 asphalt mixtures under the
conditions of 60£1°C, 0.7:0 05MPurespectively, The relationship curve between rutting deformation
and time is obtained, and the dynamic stability index is caloulated w0 evaluak its high temperature
stability.

2.3.2 Low temperatiere trabecular bending test

Low temperatre trabecular bending test can reflect the deformation resistance of the mixture at low
temperaterd'®], Cutting e rutting slab of EISFP-13 and SMA-13 into 25042 0mm in length,
A2 Hmm in widih and 3522 Omm in height. Under the conditions of temperatisre of -10 £ 0.5 C and
loading rate of 1 mm/min,low temperature trsbecular bending tests were camried out, The Flexural
strength, maximum flexural strain and medulus of fexural stiffoess were cakulated to evaluate its low
tempemiure performance,



2.3.3 Warer-fnunersrd Marshall B

Water-immersed Marshall tost can reflect the ability of mixture to mesist water domage in the
process of high temperatre water action, The test was camiad oul on the specimens of EESFP-13 and
SMA-13 asphalt miswre ot 25T, The curing condition of the sample & ax follows: All kinds of
EISFP-13 Marshall spocimens and SMA-13 asphali mixture specimens were maintained in water bat
at 60'C for 0.5 hours and 48 bours, Then Mamhall tests were camried out to caleulate the residual
stabyility v evalisate its water stability.

J.RESULTS AND DISCUSSION

Rastting test, low temperature frabecular bending fest, and immerssd Marshall test wene carriod ow
on EESFP-13 specimens and SMA-13 asplalt mixtune to evaloate teir high iemperatre performance,
low temperature performance and wakr damage resistance when it was cured for 3 hours and 2§ days,

3.1 High Temperature Stability of EISFP

Rutting st were carried out on EISFP-13 specimens and SMA-13 mphall misture to obtain
dynamic stability s shown in Figuse 1,
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As can be seen fiom Figure 1 Whether EISFP-13 was coosd fow 3 hours or 28 days, the dynamic
stability of EESFP-13 is increasing gradually with the increase of the void fraction from 2% © 353% It
shows that the ability of resisting high temperaiure deformation is firther strengthened, The analysis
shows that the main reason is the incnease of woid Baction and grouting material, which enhances the
tigidity of EISFP-13. In addition, under the same void fraction, the dynamic stability of 3-hour
EISFP-13 can reach more than T0% of that of 28-day EISFP-13. The mesults show that the
early-sirength EISFP has the characteristics of high early strength and fast strength growth, Compared
with SMA-13, the dynamic stability of EISFP- 13 is much higher whether it was maintained i 3 hours
or 28 days. The results show that fhe EISFP-13 has super high temperature stability,

3.2 Low Temperature Stability of EISFP

Low temperature tmbecular bending st of EISFP-13 specimens and SMA-13 asphalt mixhwre
were carriod out 1o obtain the performeance s shown in Table 6,



TABLE & Bewding test of ow tem persturs trabecabur with di flerent mixture types

Flexussl tensike strength Maximum flexural trsin Modulus of lexurs] stifress
Misture types { MiPa) Cpuc (M Ps)
3h 28 3h 28 3h 28
AAGEISFPA3 271 963 314 2428 2R 3408
2S9EISFPA3 35 1071 257 M nn w17
HPGEISFP-13 982 1148 el 2521 3553 4554
EMA-13 ¢ 327 f 3135 ! 2638

It can be seen from Table 6, under ihe same void fraction condition, the flexural sensile strength
and modulus of flexural stiffness of EISFP-13 maintained for 3 hours are lower, and the maximum
flexural tensile strain & larger than that of EISFP-13 muintained for 28 days. The main reason is the
incomplele hydration reaction of cement-based grouting material during 3-hour maintxining time, and
the Tow strength of grouting material results in the low flexural and tensile strength ofEISFP-13,
However, the flexural strength of the EISFP-13 maintained for 3 howrs can alse reach more than B5%
of that maintained for 28 days. Under the same maintsining time condition, with the increase of void
fraction, the flexural tensile strength and modulus of flexural stiffivess gradually increase, and the
maximom flesural strain gradully decreases, which indicates that the low temperature crack resistance
of EISFP-13 decreases with the increase of void fraction, Compared with SMA-13 asphalt mixture, the
Flexural tensile strengih and modulus of fexural stiffvess of EFSFP-13 are Targer, and the maximum
Flexural tensile strain is smaller, The resubls show that the low temperature performance of EISFE-13
is slightly worse than that of SMA-13 asphall mixture, but the maximum bending strain can meet the
technical requirements of the current specifications !'for bending strain not less than 2500 107,

3.3 Water Stability Perfor mance of EISFP

Warr-immersed Marshall test was camried out on EISFP-13 specimens and SMA-13 asphakt
mixture, The residual stability was obtained as shown in Figure 2,
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FIGURE 2 Besidual Stability of Bifferent Mixture Ty pes

As can be soen from Fig 2, under dhe same void fraction, the residual stability of EISFP.13
maintained for 3 hours is greater than that of EISFP-13 maimtained for 28 days, The snalysis shows that
the two groups of specimens noed to be maintained in waler at 60°C for 30 minues and 48 hours
respectively in the Water-immersed Marshall st The strongth of the EISFP-13 maintained for 3 hours
specimens increased greatly during 48 bours of curing, so fhe residual stability of the specimens was
greawer, The hydration reaction of the EISFP-13 specimens with 28 days of curing tended 1o be stable
basically, so the residual stability did not change moch, Tn sddition, with the increase of void fiaction,
the mesidual stability of imigated semi-flexible pavement tends o increase, and all of them excoed
1067 The residual stability of EISFP-13 is much higher than fhat of SMA-13 asphalt mixture, which
indicates that the addition of cement-based grouting material increases the compactness of EISFP-13
and gives the EISFP-13 excellent water damage resistance,

L. CONCLUSION

By smdying the influence of different voids (20%, 25%, 30%) and curing ages (Jhows or 28days)
on the high temperature stability, low femperature stshility and water stability of EISFP-13 and
BMA-13 asphalt mixture specimens, the following conclusions are drawn

CEYEISFP-13 has excellent high temperature stability and water stability performance. Under the
same curing time {3hours or 28days), with the increase of wid Fraction, the dynamic stability, residual
stability of EISFP-13 gradually improve, the maxinmm Oexweal strain and modulus of Thocural stiffiess
gradually deteriorate. Bt shows fhat the addition of coment-based grouting material improves its high
temperature stability and wakr stability performance, and reduces its low temperatore stability, The
appropriate void fraction rate should be selecied in the dosign,

(2} The pavemend performance of EISFP-13 maintained for 3 hours can reach more than 70% of
that of EISFP-13 maintained for 28 days Compared with the pavement performance of SMA-13
asphalt mixture, the high lemperatire stability and water stability performance of EISFP-13 maintained
fior 3 hours are bether, and the low tempersture performance is slighfly worse But it can still meet the
reguineme s of tochnical indicators,

{3} Considering the pavement performance of EISFP maintained for 3 hours, it is suggested that
ESPF can be used for the road maintenance with high iraffic pressure, bocause it can withstand traffic
loads after 3-hour maintenanos.
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Abstractin order to find owt the suitable asphalt types and comespanding widage of e Irigated
semi-llexible pavement{ISFP), SBS modified ssphalt and 708 wad petrolenm asphalt were wsed to fom the
matrix asphall mixure with voidage of 10%, 19%, 2%, 25%, 3%, 33%. The Marshall specimens ISFP-13
were formed by pouring the cement-based grouting mawerial inte matrix asphalt mixture, Marshall test, nutting
test, low temperansre beam bending test and Freeze-thaw splitting test were used o evaluate is high
temperature performance, low tempersture performance and water dunuge resistance. The test results show that
with the incresse of voidage, the anti-deformmtion ability of SKS modified ssphalt and 708 rond asphalt mairix
asphalt mivture becomes wirse, but the performance of perfusibility becomes betler. The high temperature
performance and waiker stability performance of ISFP-13 are enhanced, but the performance of low emperamre
anti-fission & worse. Comprehensive consideration of the pavement performance of the base asphalt mixture
and ISFF, it is suggesied that the suitsble voidage of T0# road ssphalt in ISFP s 15%-20%, and that of SBS
modified asphalt in ISFFis 15%-25%.,

Kooy words : Matrix asphalt mixture; Suitable voidage; Irigated semi-fllexible pavement; Pavement performance
1. INTRODUCTION

brigated semi-flexible pavement is a compositc pavement structure formed by pouring
cemeni-based grouting material into large void matrix asphalt mixture, 1t has been widely used in the
prevention and treatment of rutting diseases of asphalt pavement!™, Numemus studies have shown
that the strength of ISFP is formed by the coment mortar and the interaction between coarse aggregates
of asphalt mixture, which improve the pavement resistance to load, At the same time, because of the
existence of cement mortar, the high temperature stability, water damage resistance and fatigue
wsistance of ISFP are much better than ondinary asphalt concrete pavement. But the low temperature
performance of ISFP has a cortain degree of decling, which is greatly affected by the amount of cement
grouting matenalt**], At present, most of the rescarch focuses on the performance of comeni-hased
grouting muterial and the effect of the amount of coment-based gmuting material on the performance of
ISFP. However, little rescarch has been done on the influence of matrix asphalt mixture on the



performance of ISFE. The type of asphalt, the hardness and sotiness of asphalt, the amount of asphalt
and the voidage of muteix asphalt mixture will affect the performance of base asphalt mixture, then it
afforts the performance of ISFP, Besides, the type of asphalt and the woidage of the matrix asphalt
roixbure will restriet each other, and together affed the pedformance of the mairix asphalt mixture and
ISP,

o order to find the suitable asphalt and the appropriate voidage of the ISFP. 5BS modified asphalt
and T0# road petroleum asphalt were used in this paper to study the influence of asphalt type on the
performance of ESFP with voidage of 10%, 13%, 20%, 25%, 30% and 33%. Sueible types of asphalt
and the appropriate voidage are put forward to puide the construction of ERFE,

2, MATERIAL
The main materials are asphalt binder, basalt apgregate and cement-based grouting material,
1.1 Asphalt
The asphalt used in the test are 70# rond petooloum aspholtf 704) and SHS modificd asphalt (SBS)

produced in Jiangsu Provinee, Ching,, The basic performance indexes of the two asphalts were tested
according to the specifications'™, The test results are shown in Table 1,

TABLE 1 Test results of twn basic perfonsance indexes of asphalt

Test fems Tk SR5

Penetration {25°C, 100g, S5 0.1 mm 67.2 0.2
Ductility (5, Sem/min)/em 5.1 34
Softening Poim/C 48.1 BAG

Flash Foint {Cpening ) 'C 3 A8
Density (15°CWglen') 1027 1.028
Solubility { nichlomoethylens J4(%%) 999 908
Dynamic Viscosity {60°C }/Pas 1461 12631

1.2 Agpregate

Basalt aggregate produced in Anlud Provinee was wsed in the experiment. The particle size of 14
and 2# materials are 5-15mm and 0-3mm. The basic performance indices of agpregutes and mineml
powder are shown in Table 2,

TABLE 2 Bagic perionmanos indee of aggre gate

Material 1H{RS) 28RS JINBS) Minerad
powder(LS)
Apparent Density (glem®) 2906 2918 2589 2721
Bulk Density (glem?) 2EM 2853 2823 /

Water Absarption Rate (%) 0.38 0.78 a1 /




13 Cement-Based Grouting Material

Cement-based grouting matedal was selfmade in labomtory. Water cement mtio of grouting
raterial is €3, and the detection indexes are shown o table 3,
TABLE 3 Test result of various indexes of cement-hased grouting material
Technbead

Test Tems LI Test Resulis P,
1.7 1014 -
Fluidity g 128 10~16 0.5h
Segregation Rate % 17 <5 3h
Volume Change Rate % 0.15 0.10~036  60d
Compressive Strength~~ MPa 126 >10.0 N
Flexural Strength MPa 19 220

3. PREPARATION OF SPECIMENS
3.1 Design of Matrix Asphalt Mixture

In order to ensure the design voidage of matrix asphalt mixture, volume design method®! was
adopted. And the final ratio of SFP-13 for matrix asphalt mixture is determined as shown in Table 4.
The gradation of the obtained matrix asphalt mixtun: is shown i Table 5.

TABLE 4 Composition of matrix ssphalt micture with diffesent void ratio

Material Designed Voldage (%)
Composition 10 15 N 2% 30 35
1# 7 76 80 8 % 9
24 24 20 16 12 6 3
Miner Powder 9 4 4 4 4 4
Asphalt 4.8 4.4 40 34 30 28

TABLE 5 Gradation of matrix asphalt mixture with different woid ratio
Design Voidage 16 132 95 475 2%  LI8 0% 03 015 00

10% 100 7523 3426 284 2174 1658 1053 98 7MW 591
15% 100 7386 3061 2415 1881 1451 947 B8 709 551
2(P% 100 7248 2696 2016 1589 1245 R42 795 644 510

25% W0 7LI0 2331 1617 129 1038 3% 701 579 470




3% POl 6943 I7EY  HLES R3S T 57 S60 482 409
3% B0 6RO 1508 79 639 AT 498 490 433 319

Matrix asphalt mixtures with different woids were prepared from 70# road asphalt and SBS
modified asphalt respectively. The optimum asphalt to stone ratio md apparent density of different void
fractions are determined by the Cantabro test and the leakage testas shown in Table 6,

TABLE & Oyrioaam asphali-agpregake tatio of matrix asphalt mixiore with diffecont voidage

Vaidage (%) Optimum aspholt @ stone ratio (%) Apparent Density (gfear)
m __________________________ %_,'_; _______________ — s

15 4.5 2219

0 4.0 2118

25 33 2013

30 32 1,958

35 30 L&

3.2 Preparation of Test Sample for ISFP

The ISFP specimens are formed by using the mixture proportions of the above-mentioned twe
kinds of asphalt and six kinds of mixtores with different voids and corresponding asphalt-stone mbios.
The forming steps are as follows:

{DyMarshall specimens and rutting plate specimens wene formed by Marshall compaction method
and mlling method respectively. The size of Marshall specimen is 101 6mm=H 3 Simm eylinder, Rutting
plate specimens with size of 300mm300mm» 30mm are fomed,

{2) Cement-based Grouting Matenal with Water-cement Ratio of 0.3 was prepared by using the
laboratory agitator, the stirnng speed is 30000imin and the stirring time is 3 min, The grouting material
is poured into the matrix asphalt mixture. After the matrix asphalt mixture is filled full, the superfluous
slurry on the surface were removed,

(3) The specimens after filling were put into standard maintenance mom for 28 days, and then the
wiad performunce was tested,

4. PERFORMANCE OF MATRIX ASPHALT MIXTURE

4.1 Marshall Test Resulis

Marshall stability test and Cantabro loss particle st were carried out for the motnx asphalt
mixture with different types and voids of asphalt. The results are shown in Fig, 1.
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FIGURE. | Marshall test results of matrix agphalt mixiune

From Fig.1, it can be found that with the increase of voidage of matrix asphalt mixture, Marshall
stability of 70# roud asphalt mixture decreases gradually, and the Cantabro loss particle increases
gradually. The msults show that the increase of voidage decreases the resistance of matrix asphalt
mixture to deformation and spalling. It can also be found that the voidage of matrix asphalt mixture
prepared from 70 # road asphalt is 30% and 35%. It's Marshall stability valuc is 0 KN Mainly because
the matrix asphalt mixture has been dispersed when it is cured in 2 water bath at 60°C. Therefore, the
woidage of matrix asphalt mixture should not be too large. With the same voidage, the Marshall
stability of the matrix asphalt mixture prepared by SBS modified asphalt is greater than that of 70 #
wad asphalt mixture, and Cantabro loss particle is smaller. The main reason is that SBS modified
asphalt has better high temperature performance and viscosity performance. Considering the Cantabro
loss particle and the Marshall stability of the matrix asphalt mixture, the index requirement should
greater than 3.5KN, It is preliminanly suggested that the suitable voidage of matrix asphalt mixture for
70 # wad asphalt should not be more than 20%, and that of SBS modificd asphalt should not be more
than 30%,

4.2 Perfusion Feasibility Test Results

The perfusion time and perfusion rate were used as the evaluation index of perfusion feasibility.
Pouring time is the time when grouting material begins to pour into grouting materisl and no longer
penctrates downward, Perfusion rate is the full degree of voidage grouting materiall™, For Marshall
specimens of asphalt mixtures with voids of 108, 15%, 20%, 25%, 30% and 35%, the time of
permeability is determined respectively. After the hardening strength of grouting material i formed, the
perfusion rate of grouting muterial is tested, The results are shown in Figure 2,
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FIGUREZ Test resulis of perfision st and perfusion time

Ttcan be soen from Fig2 that de perfusion rate and perfision fime curves of T0# road asphalt and
SHS maodifiod asphalt have the same trend, and the difference i not significant. It shows that the type
of asphalt has btthe effect on the filling fessibility of matric ssphalt mixture, With the increase of
woidage, the perfigion rate of matrix agphalt mixture ingreases and the perfission time decreases, which
indicates that incressing voidage can improve the frasibility of perfusion, The perfision rate of matrix
asphalt mixture should not be oo low, otherwise it will increase the internal voidage of the ISFP and
reduee the pavement performance. The perfusion time of matriv agphalt mixture should not be joo long,
atherwise it will affect the construction efficiency. The perfusion mie of grouting material should net
be Jess than B0% acconding to Shilei of a1 is supgested that the voidage of matrix asphalt misture of
0 # road asphalt and SBS modified asphalt should not be loss than 15%.

5. PERFORMANCE OF ISFP

Rutting test, low-temperatune beam bending test and frocse-thaw splitting vest were caried out for
different types of asphalt and different voids of ISFP-1311],

5.1 High Temperature Stability Performance

The rutting test was used to evaluate the high temperature stability of ESFP-13, and the dynamic
stability was used to characterize the high temperatue stability. The test conditions are 60x1'C and
0. T 05MPa, The rutting stability test results ofESFP- 13 ane shown in Figure 3,
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From the test results of Fig, 3, it can be seen that the rutting stability of ISFP-13 prepared by T0#
asphalt and SBS modified asphalt increases gradually with the increase of void fraction. It shows that
the addition of cement-based grouting material greatly improves the high temperature deformation
resistance of ISFP-13. Comparing the rutting stability of two types of asphalt with the same voidage,
the rutting stability of ISFP-13 prepared by SBS modified asphalt is better. According to the index
requirement that ruiting stability of semi-flexible pavement should not be less dhan 10000
times/mun. The ISFP made of 702 rad asphalt and SBS modified asphalt with voidage should not be
less than 15% can meet the requirements.

5.2 Low Temperature Stability Performance

The low lemperature crack resistance of the mixture was evaluated by low iemperature beam
bending test, and it's low temperature performance was evaluated by maximum bending strain and
bending stiffness modulus. The test conditions are that the tempersiure is -10:0.5°C, the witing plate
was cut into prismatic beam of 25022, 0mm in length, 3042 Omm in width and 3522, 0mm in height, a
span was 20044 5mm and a loading rate was | mm/min. The test results are shown in Fig, 4,
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FIGUREA  Results of kow tempersture beam hending st

According to Fig, 4, with the increase of voidage, the bending stiffvess modulus of ISFP-13 made
of 70# road asphalt and SBS modified agphalt increases gradually, and the comesponding maximum
bending strain shows a downward trend, It shows that the low-mperature deformation sbility of
ISFF-13 is getting worse. It is also found that the maximum bending strain increases first and then
decreases. The analysis shows that when fhe voidage is between 10% and 15%, there sre many voids in
ISFP-13 because of its small voidage and poor perfusion ability, And it is essy to produce stress
concentration phenomenon, so the resistance to deformation ability is poor. Compared with 708 asphak
pavement, the bending stiffness modulus of ISFP-13 prepared by SBS modified asphalt is smaller and
the maximum bending strain is larger under the same voidage, which indicates hat its low temperature
performance is better, The main reason is that the deformation creep propenty of SBS modified agphalt
is better at low temperature. At fhe same time, it is found that the suitable voidage of ISFP-13 prepared
by different asphalt types i different, According to the specifications, the maximum bending strain
should not be Tess than 2500 =10%, It is suggested that the voidage of 70# road asphak in ISFP should
not be more than 20%, and that of SBS modified asphalt in ISFP should not be more than 25%.



5.3 Water Stability Performance

Freezethaw splitting st is used to evaluate fie water damage resistance of mixtures during
freeze-thaw cycles. Freerethaw splitting strengh ratiofTSR) index is wed fo evaluate water
stabyility The specimen was first saturated in vacoum to Fozen for 16 hows at -18C, and then
immersed for 74 hours at 60T, Spliting test was carried out at 25°C and results are shown in Fig, 5.,
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Acconding to the results of freese-thaw splitting test, it can be seen that with the increase of
voidage, the TSR incresses gradually, which indicates that the ability of freeze-thaw damage resistance
of ISFP-13 inercases gradually. It is mainly the addition of cement-based groviing maerial greatly
enhances the compaciness of BEFP-13 snd reduces the possibility of waler damage, However, it can be
Found that when the woidage is less than [5%, the TSR can not meet the specification sequirements of
not less than 80%. B is concluded that when the voidape is less than 15%, there are many residual
uniilled veids in ISFP, which will cause severe froese-thaw damage under fhe action of Freese-thaw
water erosion, Therefore, widage of T8 # road asphalt and SBS modified asphalt in ISFP shoukd m be
less than 153%,

& CONCLUSION

By investigating the influence of different asphalt types and voids on pavement performance of
ISFE, the following conchisions are drawn:

{1} With the ncrease of veidage, the Marshall stability of matrix asphalt mixire decreases
gradually, Cantabro loss particle increases gradually, and the perfision feasibility tmprowves gradually.
The performance of SBS modified asphalt matrix asphalt mixiure is better than 70 # road asphalt,
Considering the performance of matrix asphal mixtune, the suitable voidage is 15% - 30%.

{2) High lemperatwre dynamic stability and froeze-haw splitiing strength ratio of ISFP-13
gradually incresse with the incresse of voidage, bud the maximum Bending strain at low lenperatune
gradually decoeases, The high tempersture stability and water stability of ISFF13 prepared by SBS
modified asphall are similar 1o those of SFF-13 prepared by 702 road petroleum agphal, bt it's low
temperatyre performance is betier. Considering the pavement performance of ISFP, the suitdble voidage
is 15%r25%.

{ 3} onsidering comprehensively the influence of SBS modified asphalt and 70# road asphalt on
the performance of matrix asphalt mixiure and ISFP, It is sugpested that e suitable voidage of 70 #
rosd asphaltin ISFP should b 13% - 20%, and that of SB5 medified asphalt in ERFP should be L3% -
25%.
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