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Investigation into the Effect of Coarse Aggregate Type on the Service
Performance of Thin Overlays

Jing Jinhui', Fan Yan?, Li Hua?, Deng Chao?, Cai Jun® *, Yu Huanan?

(1. Hubei Communications Investment E-Xi Expressway Construction Management Co., Ltd., Wuhan 445002, China; 2. CCCC Second Highway Survey and
Design Institute Co., Ltd, Wuhan 430056, China; 3. National Engineering Laboratory of Highway Maintenance Technology, Changsha University of Science
& Technology, Changsha 410114, China)

Abstract: Thin overlays have become a primary pavement maintenance measure in recent years. Research on thin
overlays primarily focuses on optimizing material composition and applying cost-effective overlay types. The
influence of commonly used raw materials on the service performance of thin overlays remains insufficiently
understood. Therefore, this study compared the service performance of thin overlays prepared with coarse
aggregates (basalt, limestone, steel slag, and finely separated reclaimed asphalt pavement (RAP)). Specifically, two
typical gradations, stone matrix asphalt (SMA-10) and asphalt concrete (AC-10C), were first selected. Then, the
2.36-4.75 mm, 4.75-9.5 mm, and 9.5-13.2 mm fractions were completely replaced with the four target coarse
aggregates on an equal-volume basis. Finally, the service performance of the resulting specimens was tested and
evaluated. The results showed that steel slag exhibited significant advantages in high-temperature stability, shear
resistance, and skid resistance. It was identified as the optimal coarse aggregate. The SMA-10 overlay demonstrated
superior overall performance compared to the AC-10C, and should be preferred when the budget allows. Finely
separated RAP can be used in thin overlays, but it exhibited the poorest overall performance, with its freeze—thaw

resistance approaching the lower specification limit. This indicates a need for further field validation.

Key words: thin overlays; coarse aggregates; service performance; road performance; skid resistance
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AR F AR FE SBS eI IR A RE . &RV RL (Xala . AACE . V. FEAI1L 7 B RAP
BV BLACHIEMER ST N & R RHE S5 TEREFR PR R4S R nI N4 F
111 i
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Tab.1 Results of indicators for SBS-modified asphalt

PEREFE bR £ MR R HOREL K22

N (25°C, 100g, 55) 0.1 mm 53 40~60

ZEFE (5 cm/min, 5°C) cm 29 >20

AL R °C 78 >60
RS (25°0) % 99 >75

FLEAR R % 0.5 <+1.0
B NHGREE (163°C, 5h) ENEL % 77.4 >65
HESE cm 18 >15

1.1.2 f&ER

R FTIR, AW A AR A 0 2 SR A RIR AV RE R R, A G T Kl ACs . N
LikE 41k 73 B RAP BHURRAS [FRACHADRH T80, SRS E 9.50~13.20mm. 4.75~9.50 mm.
2.36~4.75 mm =R, FEFATRICEIRNT, SEACCRECRE2Y, SRS AR % 100% & H0d 2
FRTHVR AR AR

BRI, XRESAKEHER IR 2 508 TR G R A T4, HMEgEHabra iz 2 #
K3 Pm. HETH, XUAEEER, HIPMHREARKETLF. (ABARE, &R e g 5
MOEME R BEK, T AR ST L0 S5 ke

HAVARH AR ) Fi RV AN Bk 4R 1A PR mI A = R St e i, 5L JS ELIRAK 2 48 DA_E 0% 3 345 1)
AR, HERIMEHER AR IR 4 s, FTLVEH, B SR XRAESAKAETER, HI¥kaedE
NRW . 5T, FHIHTE TR BRI A7 2 e M (T A R T, R B 2 D A R ARl e e o 47 5
—IBRSE . AIASSCH I e B X BT iSRS (XRF 58 SHRE MRS 7 T b, 3
PO HF R A (£-CaO) & EANRKIMK I HEAT T, = 45 RN 5 Fvs. R A, e H e
MELEZE RS CaO. FeO M Si0y, £ ZFEARMASE K] £-Ca0 E AL 0.9%, HIERKEKE 1.2%. X
UG F RV AR A DU A M BRI R, H e e cls,  w FAEAR SRS AL .

FEAG S B RAP R B R (BRI MR BR A ], HRE TR & = 5 B AC-13 RIS
FIRGE (HEN SBS EMT, MA A 4.5%), LRJTEHL RAPR120 BURS4H1E 4 B 54540 B 5 Tk
FERTARE 7 BOkE . RIRERTRE ARG 7 55 RAP RHEE AV BEHEATAT I, H AR WE 6 Fix. ATUER], H5HM=
FRIEAPRIAREL , FEA0E 7 B )5 RAP BLEAT DL R B RFIE: 58—, BUKREIABEMRI S ZRTT: B2, 7
FURe R IC, ERE. BRESERSAKAERL: £=, BARESERIIK ER5hEFHE32 TR
PRI, UITEAR SO B RS A4 7 B8 RAP RHLVEAH AR B RIEIR G BB TE . 28 BT RN, R4 4y
BiJ5 RAP B G HITEEER, (AUK R K FeA T AR S, B AR R IR /D BIE, e 54:
PEREAT TR o

®2 ZHAHEERMEREERNINER
Tab.2 Results of indicators for basalt coarse aggregate
9.5~13.2mm 4.75~9.5mm 2.36~4.75mm
REIH —n o R
T4 R RSN HIUREEEES PR e AR VTR
T E g/em? 2.782 =2.60 2.760 =2.60 2917 =2.60

BERZET g/cm? 2.692 - 2.695 - 2.629



WK 2 /% 0.474 <2.0 0.605 <2.0 0.723 <2.0
&K% 7.6 <12 8.9 <18 - -
JETEAE Y% 14.6 <26 - - - -
VEFEAE/% 20.6 <28 9.8 <28 6.2 <28
EES6{E PSV 49 =42 - - - .
F*3 AREHEERMRERERUIRNER
Tab.3 Results of indicators for limestone coarse aggregate
AR ‘ 9.5~13.2mm \ ‘ 4.75~9.5mm \ ‘ 2.36~4.75mm ‘
ML PRI ML PR3 A IR FSRIRESIN
FKMEZE g/em? 2.722 =2.60 2.720 =2.60 2.770 =2.60
BARFERE g/em’ 2.632 - 2.661 - 2.683 -
WK 2/% 0.558 <2.0 0.712 <2.0 0.873 <2.0
B tR/% 11.7 <12 14.1 <18 - -
JEAE/ % 18.2 <26 - - - -
BEFEAE/% 22.7 <28 112 <28 7.5 <28
B PSV 43 =42 - - - -
x4 WEAEREREIEIRNIASS
Tab.4 Results of indicators for steel slag coarse aggregate
AT ‘ 9.5~13.2mm : ‘ 4.75~9.5mm : __ 2.36~4.75mm :
MG Tk ML HE TR MRS PG ELR
LKW FE g/om? 3.367 =290 3.353 =290 3.312 =290
B E g/om? 3.253 - 3.247 - 3.201 -
WK /% 1.115 <2.0 1.212 <2.0 1.431 <2.0
B RoiR1% 6.8 <12 6.5 <18 - -
JEEAE/ % 12.6 <26 - - - -
BEFE(E/% 14.1 <28 6.3 <28 42 <28
EE56{E PSV 56 =42 - - - .
x5 WEERRMLFEHRRREM
Tab.5 Chemical composition and stability of steel slag aggregate
WG H Ji B 5 U % f-CaO & BAKEKZE
Ca0 SiO2 AlLO; P20s MgO Fe:0;  FeO HAh 1% 1%
Mt R 4577 1834  4.86 1.45 1.86 3.47 20.06  4.19 0.9 1.2
F6 FEMLSE RAP RHEREEIRNKLE R
Tab.6 Results of indicators for separated RAP
— \ 9.5~13.2mm ‘ ‘ 4.75~9.5mm ‘ ‘ 2.36~4.75mm :
M g5 G TR ML Gk ML G TR
RINEE g/om’ 2731 >2.60 2.643 >2.60 2715 >2.60
AR g/om® 2.652 - 2.633 - 2.641 -
WK 2/% 1.046 <2.0 1.451 <2.0 1.683 <2.0
£ R R% 5.7 <12 6.3 <18 - -
JEAE/ % 19.5 <26 - - - -
FEFEAE/% 22.0 <28 14.1 <28 9.4 <28
B Y1H PSV 44 >42 - - - -
WEETEY% 0.72 - 0.95 - 1.16 -




1.1.3  4UERL 50 %

ASCEFMER ST MBNARKE . KHE (A TRERRRIGMAE) (JTG 3432-2024) 123, —#H % H
BEARMERE AR LS RANK 7 Fro. HRATE, FrHAZCEMER STk & B IR bR AT & Ve 2K,
AT AT

xT ARERENST MRS R

Tab.3 Results of indicators for limestone fine aggregate and mineral powder

(LB PERETE bR NIRRT S BRZL R
$i4%/mm 1.18~2.36  0.6~1.18  0.3~0.6  0.15~0.3  0.075~0.15
IR AR FEREE g/om? 2.665 2.662 2.653 2.651 2.643
RKMHEE g/om? 2.673 2.672 2.668 2.669 2.674 >2.50
KWEE g/em? 2.543 >2.50
FIRET K BIKE% 0.3 <1
K RE 0.66 <1

1.2 BEEREEEAET

Y H T R R P AE 0.6~2.5cm, SR AFEANRIR THERA . BEBFE . BREBHE. )
MW E, SRS SMA. SAC. AC LLK OGFC HZE R B (EEEEHER) 826271, [RFHF5T
WASREIIARIE, ASCEDCEI T r DR R 2.5 em 2 SBIHAE AT R, REFHEN

SMA-10 5 AC-10C. SMA-10 5 AC-10C A4 L 508 6.1%5 5.5%, —EHKBCHMWE 1 fix.
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Fig.1 Gradation curves of two types of thin overlay mixtures
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Tab.4 Evaluation indicators for service performance of thin overlays and corresponding test methods

JilFEF s W% &5 PAT IR 4 E PR FEAR TRIE 1 4
. HRARY: (60 °C. 0.7 Mpa, 3 F . JTG 3410—2025/T
B PR EOT e TR AR, IR
AT 0719
= R
i o JTG 3410—2025/T
IR T (-10°C. 50 mm/min, 4 MFATik ERZAAS R . B PR A iy v AR 0715
)
s fr
; X . . . . JTG 3410—2025/T
i RIKLEUR L (8 ANPATIRE) LEURREEE .. BKREREE 0709
M KEEE N
YRR RS . RS i SR JTG 3410—2025/T
e HRALER R (8 ASTATIRE) JURLREy PRIRETELELRE
54 0729
HITRE CFHERHN AC-13 5
SEEFLEME SMA-13. 25°C. 50 mm/min JIEE
J2 R0 B 5 B UHER[17
B % R 0.6 kem?SBS HETL IR R
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Fig.2 Experimental Procedure
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3IAKRE . AR B FEAAE 5 3 RAP RHY SR AR AL M Gk gn g5 R . shAs e L
RER (K 32), LR SMA-10 &2 AC-10C BURA K, NEFERHRE A R OEHIFR il
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i FE PR S T A S A S 30 . RAP BHE AL B R 5ek, AR EA WM R —J2 RAP BHIK
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Baf, HiEthe 5%, {5 AC-10C £ RN 2= 50 KA R IF. X RUPEAML 7B RAP BHERS ERE AA
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Fig.3 Rutting test results of specimens formed with different coarse aggregates
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Fig.4 Three-point bending test results of specimens formed with different coarse aggregates
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Fig.5 Water stability test results of specimens formed with different coarse aggregates
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Rec 7, TEN A FR Hh F AT IR HIE .
2.1.4  JR[E4E 1 RE

K 6 NSRS AR M SAF LT E (AC-13. SMA-13) K i)2 M HT 8T 58 B R 45 8 . B 6a)
N AC-13 154 LR Z RGBT s B MNASE . AT %0, PIMZRICERY (SMA-13. AC-10C) Hr, P43
FHAR L B A — B 4528, B A BT s ek, Xl il 5 RAP 2B e T35 —
=0, ARG DB SR A, XK, A AR T B B 10 s Ve S S FERR I, (6 R
RLR A R PUBT VIR B o S s TR RAP RBRIFARNTHR A, (HA ARSI 25, Hyini vkt
WERIABIHGE XA BUR: A A i TR AR RMR . T — i, BRI T
K.

Hik, B RECRE N, 2 SMA-10 ENRHE, ASFEHHARHE R SRR AR ] 470 37 5 B 45 2R
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Fig.6 Interlayer shear performance test results of specimens formed with different coarse aggregates
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Fig.7 MTD test results of specimens formed with different coarse aggregates
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Tab.5 Calculation results of MTD decay rates for specimens formed with different coarse aggregates

TRA KBS ¥4 MTD/mm % MTD (30 /ii%) /mm  MTD FEAR/%  FEAEL/ (0.01mm/J7 %)
ZEE R 0.86 0.57 33.72 0.97
AR AN 0.83 0.53 36.14 1.00
AC-10C o
AR A 0.80 0.61 23.75 0.63

RAP 1 0.85 0.55 35.29 1.00




X R 0.93 0.61 34.41 1.07
B KA 0.97 0.59 39.18 1.27
SMA-10 o
AR A 0.90 0.65 27.78 0.83
RAP &1 0.93 0.58 37.63 1.17
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Fig.8 BPN test results of specimens formed with different coarse aggregates
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Tab.6 Calculation results of BPN decay rates for specimens formed with different coarse aggregates

AR Y {E/BPN BZAE (30 Jik) /BPN  BPN TARRK/%  FEARHEAR/ (BPN/JTIO
X R 73.5 45.1 38.64 0.95
B KA 74.3 40.2 45.90 1.14
AC-10C o
A 74.0 48.8 34.05 0.84
RAP R 73.8 437 40.79 1.00
SMA-10 X R 88.8 47.7 46.28 1.37
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