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Abstract

Based on the current development status of composite pavements and related materials, this paper
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proposes a new RUHPC + AC composite asphalt pavement structure, where the RUHPC layer serves
as the underlying layer providing load-bearing capacity, while the surface AC layer provides the func-
tional performance. Utilizing the results from three-point bending failure tests, three-point bending
fatigue tests were conducted to investigate the fatigue life characteristics of RUHPC + AC composite
specimens with different thickness combinations. The research findings indicate that the failure stress
ratio during the bending fatigue tests of the RUHPC + AC composite specimens is significantly higher
than that of conventional AC specimens. For specimens with constant total thickness, increasing RUHPC
layer thickness simultaneously enhances flexural tensile strength and fatigue life, with a significant
leap in performance observed when the RUHPC layer reaches 2 cm, demonstrating that the RUHPC
layer plays a decisive role. Furthermore. Fatigue equation for the RUHPC + AC composite specimens
is also proposed.
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Mif AP, DMEdE g mis sl s 2R . WIZRE AR B A B s AT FEP s,
Frtn e RSSO E RS T A 5 T 45 A4 1 R R U A1 [1]-[3]. B EIHEE s A
TR (UHPC) AT 58 2 A0 AN LM, (H R JR Il BTV . B R AE [4]18 I HI/E UHPC + AC & /NI
TR AT EOINEREE, R ARIE AC JZR UHPC J22448 K5 AT T BAL 0, RILE &k
1t AC JZI 4% 5y TR ARG 7 2 I R 2R VRIS, T UHPC )= R 88 0 TR 40N 4R HON K, &
ZUUERA T2 BRI PRI 2R . Hh4F, Beate Altreuther Z5[5]5% F T 77 VAR ] UHPC i fE (M35
PRIATAR , 38 UHPC AR AU A AL (1 R VAL B T SCEE,  SIBL T i A PR VIR e 35 45 6 R THT S
22 U3 I P v PR R VR E T (RUHPC) SR A5 L e ik . 25 . I IR, 455 2T HEm
M, FREEEDEZEAC), MURE THRGRIZEE GBS s, R BA AT, i T & E
G TS 554 e X FHT R RUHPC + AC &4 2\ i B TH 45 00 M d v o 1] gt 1 oFr e, AR
O I T B T A A2

AFET A S LA R TR B, $2H T —F RUHPC + AC B4\ K4k i, Hrp
RUHPC EENREAIAKEDIGE, Rl AC EEIIGEIEER . BT = iR nriliess ), #—=2IF
J& =8 RS R, FRASEE A A N RUHPC + AC B AR E I 55 5 etk
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2.1. RUHPC B

RUHPC BAHUE R MIHE57 . ORI . e R . BAIRGRKSTZE. PuRit. Bt
JEE P AN R BRI BE 0 S P . ASCIRHE IEVE[B] AOAR S RLSE , % RUHPC [ 2Pk et AT 1 Ik H R A4
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Table 1. Technical performance index of RUHPC test
2 1. RUHPC IR AR AR 4 REHE R

: UL 58 /MPa P T )
BA pmppmm MR vy TROPURRE RGBS s op,
et 7d 28 IMPa IMPa
Al 622 9% 127 14 5.7 1193 44.4
il ' ' :
S T/CECS 864-2021 T/CECS 864-2021 T/CECS 864-2021 T/CECS 864-2021 T/CECS 864-2021 T/CECS 864-2021
Fik 4.2 5.1 55 1 5.6 5.2 5.3

2.2. WHFHUE

RUHPC + AC & HHI AC 2K AC-13, H TO#E AT « A KAWEA . T4L4] [7],
HARRE A LL B S I [8], AT te ol 5.04%, F4%IRAVERET = K hr & H Mk Ee . RUHPC 322
By KT HEBER, AR SRR A IRATYESE, RN TREE LA (8], BRKT
UHPC, )% MRS HHVE[6]. JZ RSk S A7, &8 1.0 kg/m?,  [A]E I HUME R
BRI ZREE A AR . #b 78 RUHPC + AC IREHIE A SS B mE 0 1.

8

o -
I mnraca susazy

Figure 1. Key steps for Making RUHPC + AC Specimens. (a) Fabrication and curing of RUHPC layer rutting specimens; (b)
Coated modified emulsified asphalt; (c) The formation of RUHPC + AC rutting specimens; (d) Cutting specimens of curved
beams for experiments

1. RUHPC + AC MHHIMEXBELIR. (a) RUHPC BERIXHFIETRIF; (b) HEHEERALIHF; (c) RUHPC + AC
FRONREY; (d) PIEITihR SIS
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PR AR A

23 EHR

Wit 5 FASEE A A R AT IS, 288 DA WHIT[1]-[3] JMVE[8] [9], K H = i s i 7 16
Jiids W RSFK S BN 25 cm x 4em x 4cm. 5 FEEH AR R : RUHPC Z/E 0cm + AC )25
4cm (I8 0+4); RUHPC JZ/E 1ecm+AC JZ/E 3em (i 4 1+3); RUHPC Z/E 2em + AC Z)E 2ecm (kN
2+2); RUHPC ZE 3cm+AC JZ/E 1em (it N 3+1); RUHPC JZ/E 4cm+AC JZ/E 0cem (iId 4 4 +0).

24, LWL

A SCHEAT = 58 iR RGN = A2 i 7 5 . N IRIE RSB AT SRR S L, AR
B4R F17KF(0.75. 0.8+ 0.85. 0.9) P E T 3~5 NMPATIRM:, FHEAME LA RIRN: f4lERE4H A 0+
4, 1+35)R/DIRG 3ANAREHE, B RSH22 815 mm 1A

FEHEAT S H AR BRI BT, T4 25 cm x 4 cm x 4 cm RAEFRICEFSC RS h AL B, #5124 20 cm.
KON 15 CHEEAE T ORIR 22D 4 h, TR AR L3 SI AR € AE(15 £ 0.5) C o HUHRAF, XS FRIECE
TRIGHIS R b, RS O S hRie R 5, FAREFRE (BN By ) SRS R —

£ UTM IRBS R E R hk B it =X, e B naud 2>y 50 mm/min [\ Fin#k, & mackor
FiFe Ny 18 mm (] FAIF% 18 mm B A2 1k), J3 Sk Rrs: Wi, AR BT F S I3
WAy 2R B 2 fE 3 FoR:

Figure 2. Composite specimen test device

2. EARHRIEEE
F|

Figure 3. Schematic diagram of composite specimen under stress
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Horr,
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A YCRIG V8 faf BN EANZ R 10 Hz, SR - 1E SR HEAT I SR Nk (R ¥ E IR B []), DA
PUNRREBAFE TR T2 150 . BT RUHPC ZE MR 355 Far, WA H I AC Wl
I8 57 ARG N LR DU 2] 300 J5 KB LS5 R 5, Jia 456 SCHR BRI T 458 i (1 B Sy 7K~ kA7
I 55 M. FE T AN B A E 15°C NS AR AT 8 S 8 R am B, 48 1] I A1 A v ) e /N 2
F1 55 RN (N AT EE RIR) A 0.5, FF4 BIAER S EE(R 77 B _EFR) N 0.75. 0.80. 0.85. 0.90 ) T3 Kk
TS
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3. MEEERSH
3.1 EHREERIH

MR RBAC RISy - BRI ) - R M2 LS IR I R g2, AR EZ4H & 1 RUHPC + AC &2
A = A0S A I R TR B DU RFE :

(1) 0+4 BURPF: FEFRFEATECT, WG RSN, B rh X e LRSS, JFiZiy R T &
MAFEEBIR . BT E RGBT, INECERIR T 5 I R A B . 7 il R Tk 21 e F A
Ba, BARKAETEMZR, Hirh DR O™ 82 AT .

(2) 1+ 3 BUufF: BRI R FIAER BN G RS R 82 BT 5 R SR . 1t TRGA7AE Lom J2
(1) RUHPC J2, In# MR mmf 8 455 . RUHPC J2 I 2 2 244%, AR T T m DL B S (RO B 1 4 4
ESUR

(3) 2+ 2 B IS 2 om 2 RUHPC =2 S EUMBE BRI I, Z84% E 231 RUHPC 2
BRHE RS e . BMEEA R mr 8n, slUFREeWR, R RIFPITE, RUHPC ZAEHRGTE
i AR EE .

(4) 3+ 1 BikfF: JKES 3cm JEH) RUHPC JZ, INEEBIAKI a5, #A 6 Tl fH S (RUHPC JZ)
JFRTF FERERRLT ittt . BIER T AC JRA LW, JIKE RUHPC JZ rH R W 24 AN 2T 4E 75 e A RO T
20, I AR R .
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(5) 4+0 BRIk ff: FESFL T, SRR A B 48, g ik o . RV AR B e, Wl
HHARKE 2R B, RUHPC 28 £ AN AR At T AR AOMFERIE T, A ROE R EE P
Wy 1AL AT WL SR AT AN LT 4, SROGESRIN TN RE ST, B I5R T 25 BRI S hr R

3.2. TR 54T
2R 4 45T RF R A RUHPC + AC 5 A28 R o B R Ah S o 73 30~ A

Table 2. Summary table of flexural tensile strength test data
2. THOREREHIELS

RUHPC + AC (cm) HT AT H(KN) S REETEHEL (YY) P R B (MPa)
1 0.35 1.64
0+4 2 0.37 1.73 1.69
3 0.36 1.69
1 0.66 3.09
1+3 2 0.54 2.53 2.79
3 0.59 2.76
1 0.98 4.59
2+2 2 1.16 5.43 5.31
3 1.26 5.91
1 2.27 10.64
3+1 2 1.57 7.36 9.20
3 2.05 9.61
1 3.79 17.77
4+0 2 3.39 15.89 16.39
3 3.31 15.52
20
15
%10
|
&
iy
5
0

T T T T T
0+4 1+3 242 341 440
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Figure 4. Flexural tensile strength of the specimen
E 4. S hiEE
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(1) BhiES RUHPC JEREXCHR: WS R AR RUHPC JZ2 55 01N & & 5e . 5EM
RUHPC 424 T B sm BT W, AN 2T 4 B i3 n 2 35 3 5 7 MR IDCAE R AN PLaR H R 7, AT BE A 2%
HOHEHT ES 17 2K

(2) AERAFREBE R R 4 RUHPC 2 & B il e B — i (i 3+ 1 Bl 5 2 + 2 &Y
AHEE), oA 50 2 R S BT, 3R] RUHPC RN SRS E fa, ARSI 1= R A i R 1% .

() BRREMEAK: X 4 + 0 WA E R R 5 H AL ML A 34T 2 DG (K] 5), AR
() Bt K R EAN (R =0.9977), RUWE A XA EL T . XA AT A 2 RUHPC + AC &
AR BB, X5 A % T 45 A B SR AR

y =1.84371-0.30643x +0.98786x?, R? =0.9977 (3)

TR

20
L y=InterceptiBlkx 1¥B2%x " /-
2 BREE
157 L IR
e 1..843710. 38687
[B | -0.30643%0.45828 |
/8 B2 0.98786£0. 10986
[alh ST I 0.33797
= RF75 (COD) 0.9977
~ R ERT 0.9951
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Figure 5. Fitting results of flexural and tensile strength
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3.3. BRAUBSEITREXRSH
K6 JER THERLAIEE N 0.8 I, NIF|JEEEA A RUHPC + AC 5 AR 1 5 o A5 R Bt i 406 R L)

RIRHIZE, EEFESAR:
(1)0+4 85 1+3 AkM: AL EBE EATERS, FERHETA) A RIGA B KA F%, R HIE 55

5
(22427855 3+ DRI (LB HAL 2T LTSGR, OB KA BB K, B
eV

(3) 4 +0 BYR M- 3k B9 57 5 A A PR AT AL RS AR /I 38 BI987 57 75 i W PR IS A6 o B398 22 s R BR A4
PRI T ARG I P AR AR AE

(4) RUHPC 2B REsemiiife: FIREAIREKF T, RUHPC ZR)E, WRAFMI %5 Atk K, [RIRER %5 %
AREE LR, RUHPC R, WA M i A 8, RUHPC )2 E R I8 hn i 242 7t 7 2 Ak
(1) A NI 98 57 AR T
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Figure 6. Mapping between mid-span displacement and running times

6. HIEEPNHSEITREX X R E

3.4. HHEEDDH

Table 3. Fatigue life test results (times)
3. BHEHFHGRWLERCR)

JS2 FyE

RUHPC + AC (cm)
0.75 0.8 0.85 0.9

0+4 343 185 133 108
1+3 1521 712 429 332
2+2 750,122 183,037 3206 512
3+1 3,000,000 350,259 6221 1125
4+0 3,000,000 654,737 7549 1623

Table 4. Fatigue life fitting formula
*4 BHEFEGUEANE

LA X % RUHPC + AC (cm) WA~ R?
0+4 y =3.092x7°% 0.953
1+3 y = 4.896x 0.962
2+2 y =5.476x % 0.964
3+1 y =9.741x % 0.977
4+0 y =17.232x°%% 0.959
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Figure 7. S-N curves of composite specimens of different thicknesses. (a) O + 4 specimen; (b) 1 + 3 specimen; (c) 2 + 2
specimen; (d) 3 + 1 specimen; (e) 4 + 0 specimen
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B 745 TAFEEH A RUHPC + AC &R 1 S-N IR, 4% 3. & 4 05l 7957 F dn i)
R R E A RIEE 7 M 30 & 4740

(1) fEAHFEIRJEER, RUHPC JZEREMK, X 19E 55 A i35 K, R RUHPC ZX & &l
(090 577 P Re S e e PEVE

(2) /ER/JLE 0.85 F10.9 ', 3+1 B9 57 Z L 28T 4+ 0 BU4F, Ui 3 cm & RUHPC
5 4cem JE4E RUHPC Z&#EkRe JJMHIT, 3+ 1 AU 5 EALE T H R M AC EMeiT i a B T K
RiJJEAAT, WL T RUHPC EHG MR KR, MK 784557 Fdr. fEM L 075 F, 3+1 4!
5 4+ 0 BUAM 3 ATIA S 300 5 IRIA9E 55 A i i AR, SEILK AR g .

(3) 7EMJJLL 0.75 A10.8 T, AHLL i@ AC B&1H, 41X 1 cm RUHPC JZ, HJE 57 %t i ft 3~5 fif;
i1k 2 cm KLU EJE RUHPC 2, HIEF7 A al#eF 3 MtE Ll E. 5| N2 RUHPC {E 7K EZ, 1]
A SR PRAL BRI 6 TH] 5 92 57 1088 () 1)

YT RUHPC BUA R, TR R KA ESRMATIR T, 3+ 1 BB G4 4 + 0 BYF B ARG
P IR A B R I PUIE 95 e R, RUHPC Z /N EEA BT 2 cm.

4. #hig

(1) RUHPC + AC & —MRIZE R & BRI 451, AC JRAF RS ER R, LR R N & 25 e 42 1 ulfF
BT E SR, RUHPC R AN 4R A T sl STt 570, B3 RUHPC 2N, &kt
fEfrom i B E R T, HILH) RUHPC J2 RS E Gl fH S hoom o8 R A SAs AR sy, g et
PR T AT FEAE -

(2) 757 ZEEE H N A TG L, RUHPC JiRJZ 195 57 P RE ELIZ k€ 2 & S5 A 57 At o Bl
BB N, S o AR 1B K, AC J2 B LB B 2, T RUHPC EERME S
WAL/, W] RUHPC JZ A LR ST RE SIS ML, BT RGE R AT (1 K AR T

(3) RABUFRE ST A3 i 5 NI ACTAE A B AR T 2 BURAVEAR S, A7) S-N [l AR AT
K LTI AS [R5 BE2H & B8 57 7 i, K AFfn 45 H 2 RUHPC 2 NEFEAEART 2 em.

AR FELERFET 15 CHEE N 1 = n0 25 i A B0 A 57 6, AR o FLA o 2% PRS2 (e i+ 1K
IR BRR), Ja skt — DI RAMOGHIR 7T, JFIE S0 A S S KV R I BEAT U0, LAHESD
o PR RE S A B T 45 4 BRI 1) AR FH e 1
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