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Abstract: As a new type of pavement material, high friction surface treatment ( HFST) materials is composed of high
wear-resistant aggregate and polymer resin binder, which is used to solve the safety problems caused by the rapid attenuation
of skid resistance of special sections such as curves and large longitudinal slopes built by traditional pavement materials. In
order to promote the development of HFST technology in
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pavement maintenance in China, improve road safety and
reduce the cost of maintenance investment, the research
status of skid resistance of HFST materials by relevant
scholars are reviewed in this paper. Physical and mechani-

Email: guanbowen2001@ 163. com cal properties of high wear-resistant aggregates are summa-
10. 7502/]. issn. 1674-3962. 202011032 rized, the wear resistance of HFST aggregates is evaluated,
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the influence of mineral composition on wear resistance is analyzed, and the long-term polishing mechanism of high wear-re-

sistant aggregates is clarified. Properties of binders used for HFST are also mentioned, and the suitability of different types of

epoxy resin binders is summarized. The influence of the key parameters of HFST material composition design on its anti-skid

performance is analyzed, such as aggregate type, aggregate particle size, aggregate blending method, binder type, thick-

ness, etc. ,

and recommendations of HFST material composition are put forward. The long-term skid resistance attenuation

characteristics and economic benefits of HFST test strips are presented as well. Finally, the existing problems of HFST stud-

ies and proposals for further research are discussed.

Key words: pavement engineering; high wear-resistant aggregates ; surface treatment materials; composition and design

long-term skid resistance
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Fig. 1 HFST structure schematic; (a) surface plan, (b) sectional plan
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Table 1 Basic physical and mechanical properties of different aggregates used in HFST materials and technical standards!*® 12-3*]
ifiﬁi‘]e;ya‘z;ﬁ spefi[f)ia:er:sny Water absorption/%  Crushed value/% LAA/% pSV
88# Calcined bauxite 3.03~3.43 0.81~1.61 3.4~14.9 8.0~13.5 54~81

Granite 2.83~3.04 0.51~0.70 11.5~19.8 8.0~25.0 46~57
Basalt 2.75~3.04 0.32~1.50 9.1~16.0 7.9~18.0 45~57
Limestone 2.66~2.90 0.70~1.95 13.3~25.8 11.8~25.9 33~54
Sandstone 2.85~3.12 0.49~0.74 13.7~23.4 12.5~17.7 60~70
Dolomite 2.65~2.80 1.66~1.95 12.2~18. 1 16.9~24. 4 37~53
Steel slag 3.11~3.60 1.00~2.48 11.3~20. 1 9.8~25.7 45~175
JTG F40—2004 =2.60 <2.00 <26.0 <28.0 =36
DB21/T 1995—2012 =2.60 <2.00 <26.0 <28.0 =45
DB33/T 2113—2018 =2.60 <2.00 <26.0 <15.0 =42
PennDOT,2014 — — <20.0 <20.0 =38
NCDOT,2018 — — <20.0 <20.0 =50
INDOT,2014 =3.30 <3.00 <20.0 <12.5 =55
®2 TRGBREEBINL AWM S M
Table 2 Physical and mechanical properties of calcined bauxite of different grades!'*!
calciTnyeTSh Z]iXite Appa:;r:ltsizeciﬁc Water ig/jorption Crush/eb(;o value A% pey Vicke;sc};zdness
88# 3.328 1.373 7.84 8. 64 55.5 1721.33
85# 3.316 1.566 8.52 11.02 52.5 1357. 81
80# 3.288 2.257 11.31 12. 11 49.5 1263. 07
75# 3.059 3.582 13.87 13.97 44.8 817.45
70# 3.047 4.176 20. 44 16. 84 41.3 694. 85
65# 3.034 4.758 22.36 20. 06 36.8 484.26
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% 3 Z:IE.I HFST Fﬁ%*ﬂﬂ’{!ﬂ"—?—"é’ﬁﬁk [12, 14, 15, 22, 36-50]

Table 3 Chemical compositions of different aggregates used in HFST( w /%)

[12, 14, 15, 22, 36-50]

Aggregate type SIOZ TIOZ A1203 F6203 Mgo Ca0O NaZO KZO PZOS MnO
Calcined
bauxit 2.87~25.31 2.32~4.84 70.53~90.32 0.41~1.78 0.13~0.22 0.08~0.35 <0.01~0.03 0.06~0.18 0.17~0.26 0.01~0.29
bauxite

Granite

65.90~79.80 0.09~0.60 10.50~15.94 0.12~3.82 0.05~1.34 0.14~3.71

0.88~4.68 1.86~7.32 0.03~0.28 0.01~0.16

Basalt 41.30~51.19 1.46~5.15 9.70~17.71 9.52~17.61 0.16~15.60 4.97~12.10 1.60~8.67 0.43~1.92 0.23~1.42 0.05~0.29

Limestone
Sandstone 61.64~65.05 0.65~0.78 16.99~17.63 2.24~4.70
Dolomite

Steel slag

1.33~1.74  0.59~0.82
0.29~8.02 0.03~0.06 0.14~1.43 0.05~0.19 18.60~23.2829.01~33.20 0.05~0.21

8.33~18.20 0.88~1.80 1.12~11.48 11.26~33.14 3.06~14.22 29.30~51.34 0.06~0.29 0.08~0.24 0.19~2.31

2.25~13.92 0.01~0.63 0.20~4.69 0.11~4.84 0.53~6.26 30.36~52.72 0.008~0.75 0.013~0.95 0.01~1.23 0.004~0. 064

1.13~2.07 4.80~5.43 0.15~0.29 0.06~0.23
0.15~0.83 0.001~0.01 0.01~0.06
0.80~3.56

%£4 F[E HFST Fﬁ%*ﬂﬁ‘]ﬁ%’ﬁ*ﬂ%ffﬁ[ls‘ 22, 34, 35, 37, 38, 41-44, 48-50]
Table 4 Lithology and crystalline phases of different aggregates

used in HESTL1S: 2. 34, 35, 37, 38, 41-44, 48-50)

Aggregate type Phase composition Moh’s hardness

Calcined bauxite Corund.um ’ 8.5-9
Mullite 6~7
. Potash feldspar, 6~6.5
Granite
Quartz 7~7.5
Plagioclase , 6~6.5
Basalt Pyroxene, 5.5~6
Olivine 6.5~7
Limest Calcite, 3~4
_imeston
estone Dolomite 3.5~4
Quartz, 7~17.5
Sandst
andsione Feldspar 6~6.5
Dolomite Dolomite 3.5~4
G,5, 4~5
Steel slag C5S, 4~5
RO Phase 4~5
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Fig. 2 PSV attenuation curves of different aggregates[m’ 19,51, 52]
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Fig. 3 Schematic of destruction and recovery of aggregates surface microtexture

4 KIIBFEAE T b il kR R s g e
Fig. 4  Micromorphology of calcined bauxite surface under

[15]

. (a) REBEE, (b) B 20x10* ¥k, (o) B 28x10* Ik

long-term polishing process[m]; (a) before the polishing

process, (b) after 20x10* polishing cycles, () after 28x10* polishing cycles

3 HFST #h& 711t aE

K257 X HEST #9503 1 e i AP BEAT B B2 52 i
W HFST G254 R AR AR R 4550 A R AG 45 57
RABRESEH] | DU TR RS 225700 B R ARG 25770 45
PREENR (EP ) G455 322 phy PRS00 i A0 [ £ 750 19 R 2

g, HAMSTWRLERE, € HFST R Nz,
T EP #IMEAR . W obiite2s, DRGE 5 XF EP 47 el
DR EH e, 5 ST EP . BAFE M EP
(PU/EP) | 42K Si0, 2ot EP (nano-Si0,/EP) M E Ak f1 25
I EP (GO/EP) Kigh I i J1 24 efg, nTLLAE H, 3 F
etk EP (9 )4 PR BRI SR R BE 4 R, HirP GO/EP

x5 TRKRFEMAERETIH S 2R

Table 5 Mechanical properties of different types of epoxy( EP) resin binders!

56-70]

Elongation at break

Shear strength Bending strength

Binder type Tensile strength/MPa /% /MPa MPa References

EP 16.10~48. 60 2.13~9.27 2.68~18.10 36. 12~66. 32 [56-59]

PU/EP 19.36~76.21 5.74~19.74 10.23~21.04 56.73~85. 68 [60, 61]

Nano-Si0,/EP 22.50~76.21 11.60~14. 14 11.33~24.17 72.00~112. 47 [62, 63]

GO/EP 13.00~112. 50 12.16~65.00 14.20~59.70 94.50~150. 30 [64-70]
Technical requirements =17 =30 — — PennDOT,NCDOT , etc.
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0 70k 140k 0
TWPD cycles

TWPD cycles

% 00 L L L L L L L
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&5 HFST 44 10 B 245 BE 48 220 DFT(40) #1745 Wi 1 IR BE ( mean profile depth, MPD) 7E B Gt B rh A8 46170 70, (a) DFT(40), (b)

MPD, (c¢) B 14 x10* WY DFT(40)-MPD X5

Fig. 5 DFT(40) and MPD variations of HFST specimens during polishing processm‘ 2], (a) DFT(40), (b) MPD, (c¢) correlation of DFT(40)

and MPD after 14x10* polishing cycles
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Fig. 6 Test results of HFST specimens with different aggregate sizes''> 7' (a) DFT(40) and MPD results, (b) correlation

of DFT(40) and MPD
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Fig. 7 BPN and TD attenuation of HFST with different ways of mixing aggregate during polishing process”ﬂ : (a) variation of BPN,

(b) BPN after 150x10* polishing cycles, (c)variation of TD, (d) TD after 150x10* polishing cycles
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B HEST R4 B PTIE thRe i 2, BN 100% BB ER il 1
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FIBTIEPEREROL ; MBobe i 5 JH At 1 T 2 ) 45 i
#5104 HEST 34 L 100% R ARG R £ 1) HEST 3441 TD
K X R WIFET 22 5 R BB R L - 5 At
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A FI PR IS, ff HEST HA T2 ) 125 )
4.1.4 HLEAFPE

TR ARG 285 30 LA R ) B RG 25 M BB, 2%t HFST 1Y
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W

P B A g e A AR, Nicholls #5817 AR
FRG 570 % HEST HERE ARG, & B EP A PU (19
HEFST Hr i tE e i, WM R IR IR 2, FAFF FR i 2.
Wilson 257 R 4 Ffokl 45 7 il # HEST 3214 0 e %
JERTJE I MPD A4k (A&l 8 fin ), BEGJE R MPD Hi ok
F/MRUCH . EP 41, INIRRIARLL . PR AR &L IR
., Ptk EP 41, X 3RWIRA EP 1Y HFST R 2 W
P e, SR I I OrE EP B HFST 322 36 T 22 WAL i
e, A, RAW B Y EP 9 HFST X4 MPD 48
FRTERIAR K, LT s M4 22, RER S I, F5
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Fig. 8 MPD results of HFST with different binders after polishing processm]

4.1.5 HFST BZE
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P2 HFST 2/, H DFT(20) 285 B2 HFST
K, XEI HFST ZHC0HGUH ERER i/,
4.2 HFST H#tRIA R

BEX HFST B A b i it ik, SEEE 4 38 WM A8
T (PennDOT) | db+Z RG22 T (NODOT) | Bl iz
WomM 22 3 JT ( AlaskaDOT ) | 3 7 B 5 9 583 JT ( AL-
DOT) . KPR AZET (SCDOT) | HIZ4 PG H 2238 )T
(TDOT) S5 3 [ M )fF i 2 R B M hn o, HETLZ 1 T
HFST SERHHURS 2570 A9 38 B H B Fl (& 6 iR ), JF
RHE—EW YRR R L™ 55 B T T G 45
FIAGE R A B BV L, JFARYE 250 W E I T 45
BB A 1,279 L/m® Fi1 0. 750 g/cm” 3E 47 03 A A
B Zahic! ™ EF XA [F] SR b 2 0 2 T A [ ARG 45 750 A
SR, MBBeAn N HFST kG 45 30 0 42 1 440 531
91,811 L/m* #10.718 g/em®, k&A1 #Y HFST W] 5 514
1.585 L/m” F10.538 g/cm’, Heitzman %5 ™) S5 R4 7 i
1,630 L/m®, P45 iR B A R 28 58 A SR AN 25 R
O T AL D R, ELERAE R T B S AR

! [b]
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Fig.9 MPD and DFT(20) of single and double layer HFST!™!

R 6 HFST SERFIE T A ESEE
Table 6 The dosages of the aggregate and binder for HFST

Binder dosage Aggregate dosage

(L) g/ Standards
1.273~1.630 0.597~0. 814 PennDOT
1.273~1.509 0.651~0. 814 NCDOT
1.268~1.449 0.705~1.085 Alaska DOT
1.273~1.630 0.651~0. 814 ALDOT
1.273~1.630 0.651~0. 814 SCDOT
1.529~1.782 0.759~0. 868 TDOT

=1.630 =0.597 IDOT
1.352~2.046 — KDOT

=1.630 — Michigan DOT
1.181~1.832 0.732~1.074 Li, et al. "

R Hr, HEAE HEST R 45 57 H 2/ B oy 1,273 ~
1.782 L/m*, SRR BB 5w e mMERIRI AT, 5L
W 7 B 180 AT Sl 40 6 22 20 Al 4% 500 i 4 HFST
FEUEA TP PRI A, DB 2 Al 285 700 9 i

5 HFST iX5a kb AR ITE M

N T HLFHUES) HEST B9 155 % R, 36 2 0 IF
J&T HEST i 5 B Be 0 PERE BT 52 (A I&l 10 Fn™) .
Anderson % * I 5E & Bl HFST # BEHTHEMEREIL 2, JF@
T3 X} Tyregrip®HFST 56 B i K 40 W5 %2 8L, HFST R
R BLAE B P00 0 P B ELSE SR IR T 79%, %W
Tyregrip®HFST J&k 1 X0f = i o 4 it B 1) — b A7 250 i
Dave ™ 1531 T 22 Fh i FE S5 M TH 47 25 ( high friction overlays,
HFO) 773K, M3 HFO A A 8L FEALH BOR Ik 20%, EF
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WFoR R, Skl R Al BB AN 1 19 HFST 3% B 11 i ¢
T RE B 4, TR 25 70 EP N 0 IR TR RS 45 R
(MMA) %ﬁq?ﬁ.ﬂmkﬁj R k%%%{lo, 11, 83-90] ﬁ“Xﬂ‘ HFST iit

ST R GEWTIT, 19 HFST AT 4 22 45 o 0 1 o o M i
FAR SR ORI 75% DL b, R AR (B/C) ik 3.97 ~
27.90, EAT RIFMIATREE Mt 2542,
5.1 BRf&JE HFST HEEB MR RO

2R TR T B S5 A S il — B A [A] f§ HEFST
RIS B DFT(40) M DFT(40) 4515, LITEAN Hopo i Kbt
W ACET S FE B SRS, HEST1 Al HFSTY [ DFT
(40) B W R FHoAl HFST 2874, Tfif HFST8 IRz, BRIk
JBEBSER T A EP RS S5 77 5 MMA K S5 500 B9 HFST #I46 BT
WERE SR, P 6 4~ H I ) HEST 56 By i 1
REXIA AR FR BE /Y T %, HFST1 (9 DFT (40) #<IA 5Kk,
AL R AP % ;. HFSTS K22 ; HFST9 fi) DFT
(40) K, UL I PUWT R A PE R 225 I HFST4 Al
HFST1 4 DFT(40) #1 /NTF 10% , 1 W HA70 v i A P
5o Zi b, HFSTI Bt Zra RIS, HERHBRBEH
LA EP RSZ5 57061 4 HFST AARLFH 0 TRUR . #5% &
ZRUE ARSI, A 3% K% 2 1 S JBobe RN £ 1 B A b

B E R PUIEPERE | ORI RS AR BBk HI4 HEFST,
®7 B HFST B FAARE) DFT(40) Wik R )
Table 7 Common HFST types and corresponding DFT(40) results'”" 3]

W e e D00 0
HFST 1 Calcined bauxite EP 0.92 0.83 9.78
HEFST 2 Steel slag EP 0.52 0.45 13. 46
HFST 3 Granite EP 0. 61 0.51 16. 39
HFST 4 Silica EP 0.61 0.57 6.56
HEFST 5 Basalt EP 0.67 0.56 16. 42
HEFST 6 Flint EP 0. 67 0.60 10. 45
HFST 7 Corundum EP 0.73 0.58 20. 55
HFST 8 Taconite EP 0.75 0. 65 13.33
HFST 9 Calcined bauxite MMA 1.01 0.50 50.29

5.2 BRTZJ3 HFST B9 MPD =B & #7

& 8B T HFST i 58 BoWril 5 AT jicscid 6 4~ H
JEHY MPD K& MPD 2%, LIIEM HRmacmm s, 65
BSA 5, HFST1, HFST2, HFST4 F1 HFST8 f MPD %%
K, UE IR I VLA 3 AT s i — B i )
HFSTS (1) MPD 4K IH%¢ K, HFST1 ¥k, H W& MPD
PRAHIN, AT LR FH k% 5 sOB R 40 AL+ AN EP R 45 51
B HEST 12 Wk R i > 7
5.3 AE&ER HFST &S

4= F54m B 3% FH 20 B (life cycle cost analysis, LCCA)
SR TR T TH, T He e 400 5 8] ) A X

ek, (ETE B T AL A% 0 H R A b, LCCA B35 7E
SFFanIY A3 bT ORI 1A B ) i 1 2 FH
T A O ) 9% R O F B AT 2R B PPAN, DT A e 5 A 4G
B ARG AR S i VR A 9T K B A PN A R R
AL 78, 81, 8] , K2 FHPLE (present cost, PC) ¥ LA
ZMEERH T HFST B4 LL (anze 9 F1E 11 o),
IMXF 45 HFST M43 & BRI AT 2R B 1PN

mE 1A RE W, SRITZ A HFST 1Y PC {H
B, RJTMBRER I 1B HFST (49 PC AL, XEURA
BRI £ HFST B RIF AP aies. Wik, 18
PEERIAL A+ HFST B R A 2553088 i i nl 114k
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Table 8 Common HFST types and corresponding MPD results!'? 7!}

HFS Ttype Aggregate type Binder type MPP/mm MPD/mm MPD loss/ %
(New HFST pavement) (after 6 months)
HFST 1 Calcined bauxite EP 1.79 1.47 17.15
HFST 2 Steel slag EP 1.88 1.08 44.35
HFST 3 Granite EP 1. 64 1.25 23.78
HFST 4 Silica EP 1.85 1.39 24.86
HFST 5 Basalt EP 1.67 1.43 14.37
HFST 6 Flint EP 1.74 1.40 19.54
HFST 7 Corundum EP 1.56 1.21 22.44
HFST 8 Taconite EP 1.85 1.55 16.22

#9 REAREERE HFSTHERAE ™5 Y
Table 9 Present cost (PC) of HFST with different aggregates [ 7 81 %]

Premaintenance time

Interim time

Analysis ~ Discount ~ Premaintenance cost Interim repair cost pC
Aggregate type ; . ) ( compared to the ) ( compared to the . N
period rate /(CNY/m") . /(CNY/m") . /(CNY/m~)
opening year) opening year)
Calcined bauxite 14 8% 270 5 6276.73 14 2320.99
Steel slag 14 8% 190 5 6276.73 11 2821.40
Granite 14 8% 198 5 6276.73 12 2627.25
Silica 14 8% 217 5 6276.73 12 2640. 18
Basalt 14 8% 198 5 6276.73 10 3042. 14
Flint 14 8% 230 5 6276.73 13 2464. 49
Corundum 14 8% 265 5 6276.73 13 2488.31
Taconite 14 8% 240 5 6276.73 11 2855.43

Basalt
Taconite
Steel slag
Silica
Granite
Corundum
Flint

Calcined bauxite
) L 1 I L !

0 500 1000 1500 2000 2500 3000 3500

PC (CNY/m?)
B SRAIRFEISERL HEST f) 3% B Hoe
Fig. 11 PC comparison of HFST with different aggregates
6 4% i&

(1) 2R M e 40 L i 8 1) o JBE 452 30 Ji 3% T AR IR
(high friction surface treatment, HFST) #4#L HA L 5 it
T RATI I ANE, 2 A BRI Sl AR [, ] % H]
BRI i A AR % HEST, Mkesial
A T VS A BB BC ] 45 HFST HA — & Ml 1744,
AT AT A I /D PR 5 e, HFST B8 5 7038 i T A%
HrET ]

(2) R ER AR ARG S5 01 8 25 1) HFST B A 1L
SRR R, SR E ETE PR S AE 5 G 5 e
Fr—Wr R AR MG I HFST B9 B0k, A 2% 4 3
AU IR R 45 70 1 — 2D B RS

(3) HFST R &5 447 H F i 6l ok 1.273~1.782 L/m?,
SRR P O AR 8 2 B S R 25 R i, S BR g
Aef AR SE T 3 22 20 KG 25 550 4k i 4 HEST 3 0F JF k47
Ui vEREI R, MIMHH RS H 0 R .

(4)HFST Mo e Ot 5, AT e 3 5415 22 38 i
B, REIERATR L 2N SRR Y HFST 1Y
WHBUERAG, BB RIFMET it &zt , #Igs
F [ 28 38 e ath it i ARG O, i — 20 T R X 45
XA [ 1 ot 25 A 5 SR A PR I
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