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Abstract

To achieve efficient recycling and utilization of reclaimed asphalt pavement (RAP) materials and ad-
dress the high energy consumption, severe environmental impacts, and high construction costs asso-
ciated with conventional pavement recycling technologies, this study conducts a systematic investi-
gation into foamed asphalt cold recycling technology. Laboratory tests were performed to optimize
the asphalt foaming process parameters and mixture design, and the effects of different material com-
ponents on the pavement performance of the recycled mixtures were analyzed to determine the opti-
mal material composition. Furthermore, based on an actual pavement maintenance project, the key
construction procedures of foamed asphalt cold recycling were introduced, and its engineering ap-
plicability as well as economic and environmental benefits were evaluated. The results demonstrate
that the optimized foamed asphalt cold recycled mixture satisfies the specification requirements for
all pavement performance indicators. The utilization rate of reclaimed asphalt materials exceeds
85%, effectively reducing pavement maintenance costs and carbon emissions. This study provides
a technical reference for the application of foamed asphalt cold recycling technology in the rehabil-
itation and sustainable maintenance of reclaimed asphalt pavements.
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B o R 0 B S X AN BT e 3, R R B T B TR N SR B By, R AR U A
I S TH BBl (Reclaimed Asphalt Pavement, RAP). &4 TH AEIE F KR T IHE . EHa s g m
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AR EA R o ERN—MEREFRHEOR, T B A BOR OOy A B 747 U8 5 20 5T 7 1. o,
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G TE RS TARE R E K 70#A JOE R AT, HAPANJZ(25°C) N 68.2 mm, E/E(15°C)H 125 cm,
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PR AR E RIS IS H, M s B T2, LIRS RIF R IBACR .

(2) 1HIHTE HE T BE A EHRAP)

RIS FTFH RAP HUH G316 KA T4 M 28 2 5 X8 B s ThT i TRRBR@IRL . &0 oy S rEReksill, 1R}
HIE RN 4.6%, ERVERMEN 22.3%, FiRTEHEE RS 0~31.5 mm 2R ACIER . X5 HT 51 BRI 45
R AR & EABbR ISy, TR S RAP F T 5 85IR & BHEC & Lb SR 56 2]

(3) /K

M P-O 42.5 BRI #h /K e AE i T IERL,  F T2 iR & B 5 BE R K AR PR R . %K)
EERFIAIA 3 h 15 min, EERFEIN S h 20 min, 225 PEAG I 45 R Ak

(4) FrEEREK

WHEERER A RKAT A, BifEN 5~10 mm, FZH AL RAP ECAH K, $2&m7E &R R ESE .
PERR AR @R K, KRS, o0 K5 4
22. REHR
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DAREZ I BT~ AN R PERE VP FR b, R =R 3R =K A B dert, W 9e i & I #GR 2 (150°C,
155°C,160°C) KilLH /K& (2.5%, 3.0%, 3.5%) 1 K& 71(0.4 MPa, 0.5 MPa, 0.6 MPa) X} A& 1.1 BE 1) 52 0 i
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KM SLEORRI 772, CABERSRIE . RKRR e MR il B 248 1 ORI FR bR, PR IR B R
(2.2%,2.5%, 2.8%, 3.0%) 7KIeBE(1.0%, 1.5%, 2.0%) M e 5 K R AHE SRR IR, B SRk
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(3) B H MR IE RS
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3. ARERS S
3.1. IFBERBSHINK
Wit R RETE AR 45 BV 1.

Table 1. Test results under different foaming process parameters

F 1. NERBIZSHAELER

5 TR g/ C RIALFHKE/ % R J1/kPa K /% P22/
1 150 2.5 0.4 8.3 6.2
2 150 3 0.5 9.5 75
3 150 2.5 0.6 9.2 7.1
4 155 2.5 0.5 10.6 8.4
5 155 3 0.5 11.8 9.8
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6 155 35 0.4 10.9 8.6
7 160 2.5 0.4 11.2 9.5
8 160 3 0.5 12 10.3
9 160 35 0.6 11.5 9.7

IEACRIGZE R, Wi ISR 2 S R R A E T8 s INREE > RIHKE > K
Ty Horb, W InGE S R R R o 2, RIBFKE IR, KL S5 AR BN .

LT INFIRIE N 160°C RIBHKEN 3.0%. K178 0.5 MPa I, WAL E KK XS] 12,
PRI 10.3s, R CABRIITT HETH F AR ARREE) BB P LA /N T 100 ERIIA/NT 8s [
RER. B, 4G AT AR B R T 234
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FORH B 2R 2 B e T B o I /K BRI RS e M A BB, K S K2 A R I a2
AR KA 2 A LA e 7 I AK iRk, SIS . (EA FREUEE I Py, Rk Joxd
RIDVEBE LI AR N BN, 2RIE SIA 0.5 MPa N BIFI$R7519 5. BaE IR T, REmsh 2R &kt
PR TR 3],

3.2. EARECAEEML
(1) WK H =L
ANFEVEA NI R S5 CRIEE 1.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
IHHEHE (9
Figure 1. Relationship between foamed asphalt dosage and splitting strength
L ERIERE - BERE X AL
BEZRRIE B PUIETH e e R AR AL i 5 o 4IRS TR0 2.5%I , TR & BT BS R A B B R fH
90.6 MPa. 4t HI BRI, WETEROEERRT, SEURGREEMEREAL: ShFHEL
wi, RERAEE BE SR, 53R RMERRE RS B, ZREFISRGRRE AR
EVE, W BRI H RN 2.5%.
(2) KEeBENML
ANFKYE 55 5 IR K RS R BE MR RS 280 B2 L 5% 2/ i 2 v ILIZ] 2 R 3.
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Figure 2. Relationship between cement dosage and immersion stability
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Figure 3. Relationship between cement dosage and freeze-thaw splitting strength ratio

B 3. KRB E - FRLSSEORREILL X Rk

s

BEE KB EH 1L0%MEMZE 1.5%, WG RN /K E BEAVRRES R0 LI B . R 2R T
&R KR KAGAE SO I EE = VI e S 7R VR A R A LB, JRAE RAP UKL, B8R BRI IRk R 2
[T R — & MR 4 Sk R, AN SR A R R 2 s . ST 6 450 B S RBUKIRE R 1. 4
KRB AR A 2.0% )5, TRAR AR AT (/K I8 R HEAG RO G54 FH 0L BRI R0RE 22 i 57 THI 8347 a1
R, KR BT R A A RO SR AE A PR, DR R B R T R RN . R, KRR mR AR
(R, S ) El R X S P 1) 2 NI AR 5 2, 5 T e DR /K A AU 48 R 445 1 P 3 om0 e 3
PRI RENE, AN I 55V SRR AR T B i B D AMIRIR DU R R RE . 256 5 IR SORHIRIE L i AT S i
PERE, W BRAEKEBEN 1.5%.

(3) WHEEEKEME

XA [E] K R A BT R g, IR 2 RO 4. AR 5 S50 i e VR SRR FE S KRN
5.59%. fEZEIKEFZAMT, IRERUESSEA SR AME, iR O R, NS5 N2 5L

gi b, EPXPARTARERTR A RAP APRL, l i 500 i e R 5 A AR IR A ELE H LA LLA: RAP &
95%- HIEEHBE 5%, WIRITEHE 2.5%. KB E 1.5%. wEGKE 5.59%. %EA LRE % AR
ARIBREE . FaE M KO T A S M, AT R RN K
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Figure 4. Relationship between moisture content and degree of compaction
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X e EE RS A P IR 7 v AR TR A R AT B AT R RE UK, 45 R R AL 60°ChARE FTIAE] 4186
Kmm, FA REFRERTTEMVERE: RELBERGREELE N 75.6%, KA E I RETH AL H A JHIE B A F 225K 5
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(1) THER e ) 5 Sk} kb 2

SR BE BN 1H 0075 B 1 1 2 R = B A A gt AT B0, Bhelkt iy B s, i i o s & 2k AT
SRR, ERRERARRURL AR, R B S LB TR, IRA ) SR HETSE H .

(2) LR ] &
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Figure 5. Field application of foamed asphalt cold recycled pavement
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