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Abstract

Based on the development status of road and related materials, UHPC + AC composite pavement is
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proposed, UHPC + AC composite specimens are made and temperature deformation tests are con-
ducted. The study and analysis found that the composite specimen AC layer and UHPC layer shrink
at 20°C~20°C low temperature, expand at 20°C~60°C high temperature, and the temperature de-
formation is concentrated in the first 2 h of the test; for the temperature shrinkage coefficient of the
specimen: AC layer > UHPC layer, low-temperature environment > high-temperature environment.
The fitting formula between the deformation results Ls of the composite specimen, the experi-
mental time t, and the original size L of the specimen can effectively predict the temperature de-
formation result of the composite specimen; and under the temperature cycling condition of -20°C
+ 60°C, after each round of temperature cycling, the AC layer and UHPC layer both produce residual
deformation and gradually shrink, and the shrinkage of AC layer is larger than that of UHPC layer.
At the same time, the test did not find that the composite specimen produced cracks caused by the
difference in temperature deformation, indicating that the temperature-coordinated deformation
of the composite specimen met the requirements of pavement use. The research conclusions pro-
vide theoretical basis for the design and maintenance of UHPC + AC composite pavement.
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1. 5|

A e 1 BB VR E 1 (UHPC) ¥ % U1 B8 ) L4 THI A I8 /K Ve VR B 1, R G kR IR 2T [L] [2], &
B TE RO R PUIEST . FUKMESR, R UHPC 2 —FhelE o & A b 4 £ AL,
5 TRt T 5 A5 5O v R TR e S R L DR G UHPC + AC & 42U 7 B THI 4544, H 7 UHPC
ERTFIZ EZAREEM, Kl AC JZFERIIGA/EH .

O\ B TR V06 FH 75t CASE R BT, 25 8 81 B B T ) S i R O, 7% S K 52 U P 1) ) M A
b, FERRIELERE R X, B — R B B IRA ZEWROK, B PRSI 1R AT 2 I 2 b
Z P EAVE R A . TR R — AR TR R, R R AR AR A 2 A B R R A . K I
BIEARTE[3]. 1R A 2 1A LG 3@ 7K e 3 7 4 T B P R T SE I 8, 45 5 7 A KK T4 AR 46 24
4, FLTFZLHUEE N R A5 b ol 1 L P i SRR 1 2555 5 S o [ N AN 0 AR R 48 R4, B B RetE
S50 B DA Ar Bk A S 2 AN T THREAT b, 4381 T KRERIBE L4510 [4]. Wb [S]ABR TS50 AR
b B TH BB PR IR AS S5 A B HE R0 874 b DX 907 75 B T 4 7= 2B () SR RS T a7 o i T Wi 4 284 6%
(=R AT T HLER 30T, $RH T B THIRAR R A B AN NE s T R [610 B A MR R SR LB AT 43
Mr, GREFW: EATEMEAEERWIEAER T, BT RRRREM B, 5HAM B A—2L,
SERZE 5 K VR T AR5 FA A R R B Ak T 77 AR B I AN W S B BT 245 RAE [T LA 75 160 b
B DUSRBER Nt G, M AS A IR 2 /K 90 R 2R 04 R B B2 . WIF 7 45 R 5K T
DT IRBEPNB R IR T 2% MBS [ KR &40, AR 7 =0t 7K Ve e A A R
ARVERERI A o D04 AR Py ¥k R A ST 0 BB R 11 1 K T R B == 7V

MEHHEFRBURKE, W TR ERAPER, HFRTEBCNESE, BT E 5 At
o, FIRT KRG W . Rk, A SCHIE UHPC + AC B & TR IR E AR R L, % E 20°C
£-20°CfiKiE, 20°C# 60°C i, —20°C + 60 CliZMEI =R IA 5L, LGB, HEAFREERT
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FilfF AC /2. UHPC Z M2, BRIR G IFIGREATEMA, 45 UHPC + AC B A #4514 1%
RS %

2. iR HR

UHPC + AC E 51 AC JZ, ZHMIE[7TIRH AC-13, H 7T0O#EBAMIIE - AKEEA B8
AR, WAL 5.04%; UHPC MOEHH) 75 a5 RE A B MBI R A IR A R RIER 4, EZR K. &
HEBAERL AU B WA BIA YRS S AT SOV 452 (U E AL T 1 kgim?) + ik
F(9.5~13.2 mm kA KifE . BOYIMAT HIAR), A AR R TR KT UHPC + AC A 1F.

e BB IR

1) REHT, K E AR DI #8300 mm*100 mm*80 mm ) UHPC + AC /N E &l i IF EAT FlAb 74 .
EHRERE, MIERECFE, 725 AC EM UHPC EfEl &AL S, AEYILGIERE 20°C FREIfd ik
RV ERSER

2) WRIGE, BPRFBOGRIGSE LR e, W R P R R F-20°C, miRRE
HFE60°C, Kk fFE MR 2 — BN BER T, A EGRIR L h, 2h, 4h, 6h, 8h, 12h, 16h, 20h,
24 h Ja 7 lid sk AC EAT UHPC R4 MR TG B, IS M A58 30 s, PAARZmaREe 3R -
ARG 25 ST 5 & T2 s R 8L, T A R

AS

_ 1
AT @

K o NIREUWYAE RS, 1/°C; AS N RE IS N A B2, cm; L IR RIIGKE,
cm; AT AIREAL{E, C.

3) BEGWRMT1:, RIMATE T, FHSREAZBFEITELMEN . R0 R b vk i8R A
—20°C, UKIEHTEBEEN 4 hy B E R 60°C, LI EVEEN 6 h, FLT—IRIKIE BRI G 5HR
FBEATIN &, [RIRE RR B ARAE W B S B (R AT 30's, DA sz maiae 2R
3. EARRETH AR
3.1 RIETHZEREME

Table 1. Tab of shrinkage coefficients of composite specimens from 20°C to —20°C

F 1L 20CE20CEA RS R E

iEves AC JZ UHPC 2
R 1 2.588E-05 2.042E-05
2 2.426E-05 2.084E-05
W3 2.678E—05 1.752E-05
R 4 2.010E-05 1.670E-05
A 5 2.339E-05 1.712E-05
6 2.836E-05 1.752E-05
w7 2.341E-05 1.877E-05
A8 2.509E-05 1.961E-05
A9 2.422E-05 1.878E-05
¥ E 2.461E-05 1.859E-05

DOI: 10.12677/hjce.2023.126083 739 T AT


https://doi.org/10.12677/hjce.2023.126083

B2 F

29. 980 1 1

29. 960 ig:g

29. 940 ig:g
5 29.920- \\‘\ . ig:g
99, 900 . —— AC-8
5 20.900 1 e
3% 20. 880 1

29. 860

29. 820 . . . . . .

0 5 10 15 20 25
fif ) (h)

Figure 1. AC layer deformation at —20°C
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Figure 2. UHPC layer deformation at —20°C
2.-20C~ UHPC E%EH

X 94~ UHPC + AC H &M EIHRIRZIL RS, VI IGH iR 20°C, KB IR E 5 S
J6T7 57 B T SE B AR L PR 21 -20C, Hp &3 F AC 2, UHPC EMAETRARILE 1. K 2, ik
AR 1 PR,

RIS 7T LLE SRR IR BE T IHPC + AC & A il - A8 F -

1) H 20°C%-20C, AC EM UHPC ETEMRIRIAEE F AW A, H B RUEAHEEL, 7E/T 2 h
WA AR AR B SR BT 50~60% 7 A, Bl B I3 0, AR AR IACE AR T R AN k)

2) iR, EEAWMEETEMEART, AC ZEFHA T E(2.944E-02 cm) > UHPC |2 AL
H(2.228E-02 cm), AC JZMKIE4E R %1 (-2.461E-05) kT UHPC JZ(~1.859E-05).
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3) FIH Origin %} 20°C % —-20°C F Xt AC 245 % (Ls;)» UHPC JZAR 45 5 (Lsy), SEEGHT IR t HilfF
JRUE RS L 2 (AT 2 e 2 & o RIS SR Be 8dE UL R 3G 7 FE - T O Z AW 77 Z2 500, BV E
fEEN 0.05 i, IAANXM FRKESEER, MEsREL. Q). RE)TLAHE 41k AC 2.
UHPC JZ 45 Bifi 1056 i [R] A5 AL e &5 2R

L, = 2.667 + 4.889E — 4t +0.911L, R* = 0.951 2
Ly, =1.615—7.063E — 4t +0.946L, R? = 0.942 (3)
32. SR THERME

Xt 9 /N UHPC + AC A RIFRL, PG RIRIRIRE N 20°C, SR E A E TIE
BT S bR AT S P E 2 60°C, HAE A AC )25 UHPC ZHA T4 RILIE 3. 4 iR, W46 &
B 2,

Table 2. Tab of shrinkage coefficients of composite specimens from 20°C to 60°C

2. 20CE 60 CEARHNMBEREE

R AC JZ UHPC |2
R 1 1.302E-05 1.260E-05
R 2 1.554E-05 1.007E-05
3 1.304E-05 1.133E-05
4 1.261E-05 1.258E-05
W5 1.515E-05 1.091E-05
R 6 1.346E-05 9.644E-06
W7 1.347E-05 9.231E-06
A 8 1.471E-05 1.006E-05
A9 1.261E-05 1.174E-05
A1 1.302E-05 1.091E-05

PRIGHE AT A =R RS N UHPC + AC B AR T A

1) HH20C# 60°C, AC J=H UHPC JZ1E mim M Bi T AWK AL T, H —F AWML fE7T 2
h KA TG, 5B ER 60%/4AE 47, REENE A, BHR56E B, WK A S AR MR
/NI AN AR L o

2) mEm AT, SERERE KRR SRERE T L, AR E NIRRT 55 Uk s
A& EFEMBELERT, AC 228 & (1.633E-02 cm)%) A4 UHPC 21548 /2 & (1.301E-02 cm)
[l 1.24 f%, AC JZ =i Ids 2 50(1.369E-05) 1% KT UHPC ZUk4s 2 $(1.091E-05), i /N TR 46 &
. ATCARHE A H UHPC 2 25 AC EZ IR EEHE MmN, ke

3) FIH Origin X} 20°C % 60°C FX} AC 245 H (Lss)s UHPC 245 F (Lsa), SEEGHA] t 5l
JEG T L 2 AT 2 on 2o a0 & o A X R0 A0l L S0 & 7 R HEAT 7 Z R 7 00 b, A B
5N 0.05 i, WEANXK F K2 ZER. H@). E)AT TN E &4 AC 2, UHPC 245148
TE B iR 50 B [E] AR PR 45

Ly, =2.667 +4.889E — 4t + 0.911L, R? =0.951 (@)
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Ly, = 0.843+3.983E — 4t + 0.946L, R? = 0.968 ()
29.780 F AC-1
A —— AC-2
29.770 - —— AC-3
- —— AC-4
29. 760 - —+— AC-5
B - — e | AC6
= 29. 750 - e AC-T
+ - « « « <« |—+— AC-8
[K 29.740 | —— AC-9
4% 29. 730 | //’—
29.720 -
29.710 |
29. 700 —_
0 5 10 15 20 25
ifa] (h)

Figure 3. AC layer deformation at 60°C
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Figure 4. UHPC layer deformation at 60°C
[# 4.60°CT~ UHPC BZEH
33 BREBHRTHNTEMNE
X9/ UHPC + AC A1 RITE A LA, WG REIAIRE N 20°C, &% 17K
SR BB DA R ER . (RIS T S A TR, IR KR IR R -20°C, BLIREE R 60C. E&1lM4
AC JZ, UHPC ZH45i e B0 & 5~ 8 Fios.
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Figure 5. AC layer deformation under temperature cycling
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Figure 6. UHPC layer deformation under temperature cycling
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Figure 7. Deformation of upper and lower layers of C composite specimen under temperature cycling
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Figure 8. Fitted deformation of composite specimen under temperature cycling
E e BEEEATEARGTERELS

1 5~ 8 Al AR E G N UHPC + AC B AR F A T A :

1) RIS RERT, W aaAE, MR B, R . x5 LI TR R R
IR TR B0 25 AN ] o I 2 DR R 7E 55 DL PR TR 58 - VR R PR A6 , K VR AR AR IO AR RV =,
FEAR IR I o B 5 5 B P BAARG, A FLIBR P 11 P A2 T 5 DK A AR AR K 5 BB PR R AR i 3 o, I
K, TG, LB AR aaR AL, MK I B SR 35087 70 B sk 55 Vi vk L A I At F A ek 2>
AT UEUAE o 1A U AR I8 F R A Bl e N VR, T4 5 A7 AE TR AL 1 B Hk 3
RAERIGR, PERAEBIIFLHRERAT o BANFLK, T LLHE I FLARR T 3 nm R /KTE 0°C~—165C
REANEEVKI9]. BE—2D 0 HT, BARMIRIGIRE PR, WP ANSE, ST BT, s
Ji, AR AR T it 4k 0 2% 2 B A IR FE AR PR OB 3G I m B IS, X AR U, B MERE R, A
2EIGRER, ETNEHGRRE ™ E.

2) AHFENE RS (A1 B, AC JEIPFIAR T B35 KT UHPC 2 PR L & [AFEZA T 10 YR BEIE
J&i » AC JZ I T 25 B (0.116E—02 cm) th KT UHPC /211435 I £:(0.089E-02 cm). iX £ % i T UHPC
FEXS I R B L LB, S mBUE e, T AR LT .

3) W AR AL T & ith 4 . 2% 2k R BE O HA h i IRAIGIR N AC JZ. UHPC 2 TE & AT 2 1l
AT A 8 Fion, SRIILA T FELR(6)~(9), i R* A& FE MR LT

y, =—0.008InX +0.037,R? = 0.990 (6)
y, =—0.006InX +0.028, R? = 0.989 @)
y; =-0.007InX —0.032,R* = 0.989 8)
y, =-0.005InX —0.024,R* = 0.989 9)

4. ING

AL UHPC + AC B &1 X %, B AC E5 UHPC EEMIE . iR LR EEAEH A
JEREE, @ drsest s, EHERANA LA TN T, S8R E 2 R EER N SR, TLE
BT 458
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1) UHPC + AC B & i fHAEMRIE SR AF T U4, mild 56 AF N IZAK, ARSI S AT 2 h, Hrh AC

JRA T SR A R B K T UHPC =

2) MEAWAMHREALER Ls, LRI E t 51l IR R L 2 AT 2t s, aREE

o, AT AT S il b 2 IR AR TR B A6 i [ AR Ak 45 2R

3) fEfF—SERIENEM G, E et L REAHRRAERE, H AC R4 2L E KT UHPC =,

H AR BRI BN AC JZ. UHPC JZ 48 TF & 1 BE il FE I8 PR VR B BO /) -

4) KRR ZE T, AC 25 UHPC ZiRJEINYE 250, IRIEIEA BB ZE 20% L4, 56k

RIS AR A dR AT 72 R S BN AR SE, RIS Al L U A AT AT % T A P oK
E&mE

WIFEA B AR R4 i F I H (20223330259)
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