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Study on Skid Resistance and Durability of Asphalt Thin Layer
Overlay Based on Complex Tunnel Environment
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(1. Anhui Province Transportation Holding Group Co. , Ltd. , Lu‘an West Highway Management Center,
Lu‘an 237005, China; 2. College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: In order to study the slip resistance and durability of asphalt thin layer overlay in the complex environment of tunnels,
high—toughness hot—mixed thin layer overlay (overlay A), warm—mixed asphalt thin layer overlay (overlay B), high—tolerance thin
layer overlay (overlay C) and AC—13 asphalt mixtures were prepared respectively, and wheel milling abrasion tests were carried out in
both conventional and simulated tunnel environments. The effects of different types of overlay mixtures and the number of abrasion in
different environments on the skid resistance of thin layer overlays were investigated. Pendulum value initial value change, pendulum
value decay rate and exponential prediction model were used to evaluate the skid resistance decay law of different types of mixes in con-
ventional and tunnel environments respectively. The test results showed that the initial value of the pendulum value of the overlay A in
the tunnel environment was the lowest attenuation, compared with the overlay B reduced by 15. 2%, compared with the overlay C re-
duced by 28. 4%, compared with AC—13 asphalt mixtures reduced by 33%; and its pendulum value attenuation rate was only 0.292,
compared with the overlay B was lower than 36% , compared with the overlay C was lower than 20.2%, compared with the AC—13 was
lower than 29. 4% , showing excellent skid resistance and durability in the tunnel environment. In addition, AC-13, overlay B, and o-
verlay C were subject to ~ temporary texturing” and oil erosion from abrasion in tunnel environments, resulting in a short—term delay in
the degradation of skid resistance.

Keywords ; Asphalt thin layer overlay; tunnel environment simulation; wheel mill abrasion test; anti—skid performance; BPN decay law
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Tab. 1 Asphalt technical indicators

SBS BUEW & i X qins
e (=2 SBS modified asphalt High strength asphalt High viscosity asphalt
Test indicators IR E5 R BBk e HARZEK e HARBEK
Test results ~ Technical standard Test results ~ Technical standard Test results Technical standard
FPABE(25 °C )/ 0. Tmm 57.20 60~ 80 29.20 20~40 55.40 40~70
Penetration (25 C)
fr E
bt/ 79. 40 =60 85.80 =60 91.90 =90
Softening point
FEFE (5 °C,5cm/min)/ c¢m
Drotiliy (3% Som/usin) 38.20 =30 47.70 =40
BENFE (135 C)/(Pa.s)
Kinematic viscosity (135 °C) 2.30 <3 2.80 <3 1.84 <3
7= Sl o - 9
zr;’]jj%‘E(éO O(‘ )/(Pa.s) 6 523 =800 18 200 =4 000 369 500 =200 000
Dynamic viscosity (60 °C)
I I /_‘; 3
MAIE (25 C) (%) 82.10 =75 78.10 =65 98.10 =95
Elastic recovery rate (25 °C)
{ﬁﬁ‘#f;( %) 99. 84 =99 99.91 =99 99. 85 =99
Solubility
N=RE=)
RRBK (%) 0.14 -0.5~0.5 -0.18 -1~1 0.28 -1~1
, Mass loss
TFOT( &,
RTFOT) FEABELL
B 57 ]
)ﬁﬁjﬁgﬂ% 25 C(%) . 65.10 =65 74.00 =65 85.00 =70
Residue Needle penetration
after TFOT ratio 25 °C
(or RTFOT) -
E:g -
SEEL 5 C/om 24.20 =20 — — 26. 90 =25

Duectility 5 C
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PEREMAAZE R IR 2, 2 TE AR TR bR 43 I (2 3 T ‘ ) ‘ HoR Bk
1A | 2P IA = )| S e R g =g IR E5 R Technical
fi% )it;l» ﬁ;t L jfm $3g>> ( JTG E42—2005 ) EF‘ E/‘J % *’l’ & 7k Aggregates Test indicators Test results s(tj;n:;;(‘;
R,
1.2 BaBEALIET ARHERAE (%) 10.90 <26
(AT R BB LR ARG Sk e RGO 5 <0.8
Coarse N
2 2 }‘ P YE A gl 4] 4 o Y
FERILRAE ¢ WRARIIRARE 4 B T
FHiRGEHRRECBOT WK 3, L IRCA M TR . 00 .
R R AR ) (JTG E20—2011) i %! ﬁ%ﬁ[& '
. , . " AR 2/
DRI R AC-13 R ALYy B YRR ok sas
ine
SN > . SN aT
S%EEAmﬁﬂagﬁaymﬁﬁBm&@E aggregate R (%) % 10 =60
b 6% ; Bt C AT H o 6% .
®3 4MiHEREGHT BREIRITER
Tab. 3 Design results of mineral gradation of four asphalt mixtures
FH A SH B B C
AC-13 Overlay A Overlay B Overlay C
FEFLR/mm —— — - —— - - —— - —
Screen size ML LI HARZRE SECTIR LR HERSE SECTRR ZUC LR HER%E HECTIR SRR BRgi TR
Gradation ~ Target ~ Lower limit ~ Gradation ~Target  Lower limit ~ Gradation Target  Lower limit ~ Gradation —Target  Lower limit
limit  gradation of gradation limit  gradation  of gradation limit  gradation of gradation limit  gradation  of gradation

13.2 100 91.5 90 100 100 100 100 100 100 100 100 100

9.5 85 75.2 65 100 100 100 100 100 100 100 96. 4 83

4.75 68 44.4 38 80 55.7 25 100 75.5 65 40 34.1 20

2.36 50 30.7 24 30 15.5 5 30 21 15 35 26.7 18

1.18 38 20.8 15 25 10 5 20 10.7 5 28 19.3 13

0.6 28 15.2 10 — — — — — — 24 15.2 10

0.3 20 10.1 7 — — — — — — 20 12.1 8

0.15 15 8.2 5 — — — — — — 12 9.4 6

0.075 8 6.4 4 10 5.7 0 7 5.5 0 8 6.2 4

2 R AR

B AEsEiIE
K RS P U T TR A R SRR RE 4
TR TR K IR A R A R ) (JTG
E20—2011, & FR“ I FE " ) A 4 FhiR A kBN 4
RO, b W T ¥ R 40 24T R 2R RO g
LA BRI IE M e b5, A0 R SR R
7K BRCOR 0 RN VR Rl 24 5 4 Rl IR AR
MI7KFSE T, LABR Ao FE 5 5% A i B LU PP 45 1R
HR KRR E M, A DAICIR T A9 25 b R 3R 1 AR
WA U TR AR R
2.2 B A MRS

1) fe AR S FEIA LR

K FHZE B0 S 1) % B B RS UL I T IR AR AR S
AT M RE e R, RO A B TR R

2.1

42 R/ min eI INAE A 500 288 0.7 MPa,
TE A [ T T AR AIR S TR R B ok
AT AR, R R U6 A 5 000 R ESFE S 1)
PBESA T, SUBFERECH 60 000 K, 5 EE] %
GRS 5 A T BE S 50 mam, 717 428 2 A B8 482 B K i
N 76.2 mm, HIAEBEFEK T, 4 5 000 KBS FET
BEIEATEEHE 2 3 ol i B FE 40 0 98 AN F
95 mm, EEFE/R BRI WA 1 s,

2) BRI A BRI 5

SRR b T8 PR T R [ 25T A B B
TR O, 55 ERBE T (0 BT BB DR T
Fl, 75 76 B AR 5 E 12 56 Hh A R 0L Bk 3 T AR 36
Beo AT HBURE T 0B FE, L TR 1A T/EIRES
ARG 21 75 AF B AT 1 T R BE R AT 5 R S
KB, HLAE 2 10 75 B RS0 A 2R 2 1
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Fig. 1 Wheel milling abrasion parameters and schematic diagrams
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N2 BT L5 ], [ 3 7K IS IR 3 A AN 3
T SPUCIRAS . BRI, AR IR AL o 73R

AT TG 7K LAk B R 2 /K B BE B 0. 4 mm, 3
BN (D) FoR, BEE TG EERRERSAE
T BB, S AN A LI T R L X KU A (g
ST R W, b5 T8 P 5 — &b s B A il T T i — AR AE
70~90 mg ; [F] I 25 52 b ) A 25 40F & IR, % 8 4 T 4%
ANTMBER I TRALEE 28,3 em® K24, i H%IE L
IRRIE, AT TH AR B G g 4 il SR R R MR A
0.028~0.036 mm, RIFZITELER  HLAFA KR
TE PRSE L) H Y it B JEE B 5 78 0. 03 mm 3 i 7
W3R DX 3 A HLIM S, T =0 (1)

m
hwszleoo (1)
b om IR T K W B BOlIR AT, g50 HK
SRHLI 5 52 5 s SR 7K e S0 3 1T ) 1 7 g R ke L
AR, em®,

PRI [l fr A28 R 5 G 1% 18 T e T 1 B 52
RTR) P A S i A Bk T T AR BB G R 5 e )
HEFUNG DU, 38 75 % UKL TS G2 ) ok AR 2 BT TR
980 NRLE A RE R T % T URL TS G PR AR 4H
BUIE O, ABIFFE S 3 B A2 A [A] 75 G 7R B2 1 % 1
B E TEAR A 0 JORL TS Qe W1 A7 AR B i
PS5 S A 3 ) ORL TS e an 8] 2 s o XERAERIRY
WORETS Qe W EATRAR 0 BT, IBOAS [R]RE AR Y8 RN 1)
A LB AR R B 7 SR R L, BE AR ST 5
BRI 4, SR 3 BehkiA [t 2 1 Y B0 1 AR
PURUKL T G ) S et 1) ~F- Y (AR UKL V5 G &2 I O %8
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Tab. 2 Schematic diagram of selected road sections and collection of particulate pollutants
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Fig. 4 Pollutant particle size fraction
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Tab. 5 Basic road performance test results of asphalt mixtures
e . [SIZE/IE S AW iy ; . S
migety aUATERE KRR YR
. Low temperature
High temperature i R Marshall test Freeze—thaw
. cracking resistance . .
stability test st with water splitting test
- es
Vi | R
T)pe M= gl O = L o B BT R o Vi Bl R RE Z Vi Bl o B 2 ('l‘hﬁﬁ]‘%%b ‘l;
SRR SMBIRRTS e EOKETRE RkataE e VRS 4 VL (%)
w) - ‘1) Bending destructive /KN B/KN Be(%) L/ MPa L/ MPa Freeze—thaw
(X . mm 2 & " Stability before Stability after Residual ~ Splitting strength ~ Splitting strength .
Dynamic stability strain . . . L - splitting
immersion immersion in water  stability  before freeze—thaw after freeze—thaw .
strength ratio
AC-13
AC-13 5112 2752 12.4 10.8 87.1 0.67 0.55 82.1
S A
7250 3098 14.8 13.4 90.5 0.76 0.66 86.8
Overlay A
B
R 5914 2689 13.7 11.8 86. 1 0.58 0.47 81.0
Overlay B
S C 7988 2 890 16.5 15.5 94.0 0.72 0.64 88.8
Overlay C

3R 5 BRI 25 0Ok B AW R - 4 Fhii
HIR GBI RS E P AR TR 5K AR E Y
WML ESR , Hoh B ¢ EIRRRE R, 1k
F| 8 000 Y&/mm 7K, 3X S i T8I C AU LA
BHE A E W B 2R S5 4, SO 78 R I AN AR M R s
B, AR TR A R 5 SE R B T IR B R S
FEE R e e, RIS A TR S R
KIS AR E v, R, h T
4 PR AR T 4B A ARIR NI 2468 ) G
RRZEN, B B i FilRFER B A E—E
FREE L5 HAR R ST 240, H 5w B IR A B2 Bl
FECK, Gy ZAKZANER, FBF B ARPER, a5
LRI BHPERR AL, S BOHOK R A 4 R A 8
i R E L,
3.2 miBfAEHR

AMIGE R I TR A B [F] B FE BT 48
(B 5 18 3 WOR TR A5 PF AS [R5 5 TR A OBHE 5
I R SRS T TR T K pinbEae ™,
Hr AR R R — EEFE AT B2 1Y 5 1k
PR (HAHZE A 2)  BCHF SR AR S e 4

{8, WA BE S50 R% G PR 58 T A B R P M e o
RGN 3 FiR

HI Pl 3 W LA HY 4% 20 78 i v A 43 1) s 0 b
FERLH A B, BB v e BE fi w0 DLk R B, 4R
J& TR I B & THaE o MR I o 3, v]
W AP P B8 el 43 Sk R R S 2 18
T 2 AP B, TERFLN 7 RR #4528 R B
PUWE Pk RE U B BRI 43 L 40 000 VKBS FEAL Ry 43 Bt
15,0~40 000 VX 3 i Pe v T B s R b, S Pk 5
8,40 000 ~60 000 YKL PERE Ik B i A2 2%,
SR, ERRIEN SR, B A Pt
RE[FIFEAE 0 ~40 000 UK PR 9 5, 7E 40 000 ~
60 000 XA ZEME i, MM B 557 C 5 AC-
13 A BT PEREAE 30 000 YK FE AL 5t H BEEH B
ARGR I 3 o i T B Vi R A R R R AR A 0 ~
30 000 ¥, 218 T I1E 30 000~60 000 ¥, £ X} H
PRCIEPE BB B 17 A 22 18 sl 10T B0 52 1 i e T L
WS 4 (50T, TR T B 2 0 7 o B
ol L 5 o 2 UL B ) B R AT O, FE B
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Fig. 3 Curves of BPN of asphalt mixtures with the number of abrasion in different environments
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Fig. 4 Percentage of BPN decay for each abrasion interval of asphalt mixtures in different environments
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Fig. 5 ‘ Temporary texture’ formed by large particle
size contaminants
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Fig. 6 Oil spalling of asphalt mixture particles
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Tab. 6 BPN-exponential formula fitting results

?Eéé.\ﬂ%;ﬁ 4 3 c s HERE(R)
Type of mixture Correlation coefficient (R?)
8%‘ i ;; ﬁfﬁznvemmm]) 16. 664 0.328 61. 690 78.354 0.985

6%‘ i a‘; <f (ﬂézmemional) 17.288 0.363 57.940 75.228 0. 994

i Ei:;( f (I’Ezmnﬁonal) 20.520 0.316 51.906 72.426 0.971

ig:g( (%;:f“v)emional) 18. 681 0. 360 49. 853 68. 534 0. 994

?ﬁ f] g(ﬁtﬁr jrmel) 20.763 0.292 51.589 72.352 0. 984

?i Yii(gz(jfh;znnel) 16. 390 0.457 52.062 68. 452 0.974

fﬁfy( E%(E:zmel) 17. 800 0.351 45. 880 63. 680 0.974
AC-13(BEH) 16. 190 0. 414 43. 441 59.631 0. 984

AC-13 (Tunnel)
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