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Energy Consumption and Emission Analysis of Asphalt Pavement with
Different Design Working Years Based on LCA
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In order to study the energy consumption and carbon emission characteristics of asphalt pavement with different
design life, the life cycle evaluation system was established. The energy consumption and carbon emission of
flexible base asphalt pavement, typical semi rigid base asphalt concrete pavement and high content rubber modified
asphalt pavement were quantitatively analyzed. By analyzing the sensitivity, this paper identified the main links of
energy consumption and carbon emission,by analyzing the sensitivity. And the influence of cement type, warm

mixing technology, recycling technology and transport efficiency on the energy consumption and carbon emission
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of three kinds of asphalt pavement were analyzed. According to the research results, the energy consumption
intensity of typical semi rigid base asphalt concrete pavement is 25.29% and 153.03% higher than that of flexible
base asphalt pavement and high content rubber modified asphalt pavement, the global warming potential value is
106.97% and 107.99% higher than that of the two long-life asphalt pavement, respectively. Cement production,
asphalt production, heating and transportation are the main energy consumption and emission links. Among the
general-purpose cements used in cement stabilized gravel bases, Portland blast-furnace slag cement (PS) has the
lowest energy consumption and carbon emissions. After replacing ordinary Portland cement (PO) by PS, the carbon
emissions of typical semi rigid base asphalt concrete pavement and high content rubber modified asphalt pavement
dropped by 13.17% and 12.43%. After using the warm mixing technology, the carbon emission of flexible base
asphalt pavement decreased the most, by 2.41% and the energy consumption intensity of high content rubber
modified asphalt pavement decreased the most, by 3.71%. The reduction rate of energy consumption and carbon
emission of typical semi-rigid asphalt pavement after using the warm mixing technology is relatively small. When
the RAP content is 30%, three types of asphalt pavement decreases by 20.64%, 18.56% and 15.26% respectively,
and the carbon emission decreases by 6.92%. 3.92% and 4.39% respectively. There is a positive correlation
between the improvement rate of transport efficiency and the reduction rate of energy consumption and carbon
emission of asphalt pavement. When the transportation efficiency is increased by 10%, three types of asphalt
pavement will decrease by 1.55%, 1.63%, 2.10% respectively, and the carbon emissions will decrease by 4.03%,
3.26%, 3.07% respectively.

Keywords: pavement engineering, asphalt pavement, life cycle assessment, energy consumption, carbon emission,

design working years
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Table 1 Pavement structure composition
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Fig.1 System boundary and unit process division
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Table 2 Characteristic factors of common greenhouse gases
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Table 3 Data quality coefficient matrix
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Table 4 Correspondence table between DQI scores and £ distribution parameters
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Table 5 Life cycle energy consumption and GHG emissions of common final energy sources
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Table 6 Energy consumption and GHG emission inventory of road materials during their life cycle
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Table 7 Target heating temperature of bitumen and mineral materials
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T St 78 2 P S22 75 B T AT T - 55

C )

diesel oad ~ ~|oad

+T,

diesel' = auto' sprinkler'Csprinkler (11)
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(1) YEBF4 BME K I e s AR

(APRIHHE BRI SO TE)  (BUF BIARFRAP B RE ) e sl A% PCL/NT A2 G, 752t
TR FRY, R PL PCI=85 J4EAS BRAE A g I 75 2% 1 DO e VEAS ST Bl s % 10 45 M 5 BEOIR e Jd i PSST 3RALE,
(N BEFARBLPFEFRHE) FLE 2 T0<PSSI<<80 I B[ 5m FE Ny, B PSSI=75 &5 IEIEE BIfE . FhIL%
GAE (W BRTMAT NS LG H B EL MR PRBE & AR R 22 @ S 1 I 75 % 11 P R S AR AR
AT LR G ¥ 2 RO AR HUK 22 AR, PCL M PSSI ZEAR A W, 5(12)-2(14)

PCI = PCIO{l—eXp[-(%)ﬂ]} (12)

a=K, K _ A[l-exp <—<|1>4>]

0
A=a,h"ESAL™
n =a,h"?’ESAL? (13)
¢ =a;h"ESAL®
B =K K, a,n* ESAL*IS

100
1+15.71x g >SS!
|

SSl :Td (14)

_ | .,(10-PCI/10)
I=1oy

PSSI =

A PCIORHSTHRGUIE R PCL AWIMRERTHDIRDLIRE, B 1005 y AHES: o NEEAFGET: g A
MZTERE T2 h NIHHZEE (em) ; ESAL-H MEHAE RS, B 7500 K/H/ZEE: 1) AVIEEESIT
(0.0lmm); A, 1, & a5 by ¢, d NEVARE, VEW (EBRESEHITNE 5 Ko Kp NI 6
PR S T 2R TR R - (i R A, T AC IR BRR DL I Kons Ko J9I0 75 ARE XS B THT 25 i R 7 2 i 42 TR
BT RIS R AL, BSOS Kna B 1.5, SEREE L, SBEEMIIT K3, KpZHREEFER 1.1,
HBHIE N N 8. PSSI NS REARE: LoV RIT S UUE: p NS, N E 26
BB 15%0A0 5 MRS PIIE, H ABAQUS #U153.

RS KL S Y

Table 8 Pavement structure model parameters

4% T 285 a b c d Kia Kyp  Kna Kup 4
15.7238 0.5861 -0.2064

119.66 -0.1124 -0.1053 -

1.5247 -0.1016 -0.0986

0.6536  0.3349 -0.0255 -0.0981

15.7238 0.5861 -0.2064

119.66 -0.1124 -0.1053 - 1.0333 1.0042 3 1.1 1.095
1.5247 -0.1016 -0.0986

TR e K 9 T S T 1.0333 1.0042 1.5 1.1 1.096

115 BRI T T

NS STy S
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B 0.6536 03349 -0.0255 -0.0981
eI TRESHIRY, BB RIr A i PCI HERESR 100, kI EREE AT RERT (G, SR

PRI 2 T B T 5 — IR D REMEAS LI (8] A 28 8 4, AL PSSTE A 87, SSHSRAETH R, S5 &7 BiTil
JOE B TS IR T ORI 2 B A0, 58 IRGEERT NS 16 45, AR PSSLAEA 79, XK1 )Z
UGHATBRONE AR . w5 IOk 75 B T IRAEAEIT [AIFE SR 24 4R 7540, AHS. PSSIfE N 86, 4EfZ /7 :URIFER
FR T Z GO E A . 7E 2 TR TR BB R AT T, PIR I 6 T SRR A PSST R T 75, U AT
DhReMEIEZ 5747, PCIEAEH M TE 2 KKl 3.

[ pCIfA]
100 .'00... ."".. "".. 100 4 ooooooooo... oooooooo....
%e ° ® ®e, o .
95 % . o .o. .
°. ° e
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BOHER (4F)
B2 R[S R 75 T PCT A2 K B3 misRIBRIH T PCT EAZ ]
Fig.2 PCI Decay diagram of typical semi rigid base asphalt Fig.3 PCI Decay diagram of high content rubber modified
concrete pavement asphalt pavement

(2) Yt T AEFERITY K Bl P 35 A FE

Y i TR AR 2 5K 2 T2 A T80 0 B T A T, RO R RS (R T

BT TR R0 B0 BB A, BeO AR L R 3R(15), 4 A T SRR

PRt T B TR E A T 7 o A R0 5 o P R R s 4, 1T 0 5 B AT AT 1) 040 6 T 5

5 T A BT R RO B, DR AT A
Eyiear =Ty -C Coperr +T.

gieset” = Tnitt * Critt T Toweep * Coeep sprinklef  ~sprinklef
K Edieser NBEONE R SEMTEFE R Toun NBEOIER S G VLG Con ABOIB A AL S PEMAE: Toveep

NIBEHARSEGEG Coveey NRMZTHEHBEBAEIMFE: Topriner HTUKE GG Coprinkter JIWIIK G H

LG YR Towo I LI HENRE QYEEG Cawo NI LI HERE (300 AL S HLLEMTHAEE

3 HR50

3.1 U5 BRI A R B R REHE R T

+T (15)

auto’

C

auto”

E5 B M B FEHE O A, BRI DRe AL N =M B IR AR BB (20a 30a. 40a) AR
R, WTE 4 KB So arbrar s, S NI 207 7 K T ) 20 R T FE i B LU SR 1 6 2 7 R T
T B B R U 7 B T REFE S B 57 25.29% 153.03%, A BRARHZ IR E LU WA K 25 A 0 75 B8 101 2953l 51 106.97%
107.99%. PEARK A7 dm il & B T R BRI I E A R Z DA K, @B BRI B ik e LR 25
FETHIR 0.49% . KEARN KR HBK > T HFHE RN, 15 545 8RO I 75 B 11 A FE R B2 LE 2R =
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W BRI 50.48%. JEUMPRNAL i B =R 7 B 10 (1 32 ZLREAEIA T, =B Bkl 75 B T 1Z P BLREAE 5
J& 53 93] PESRAE 2 2 000 75 1% T R S TR S I 5 2 00 75 1% T REAE 5 FEAIR 54.17% - 59.15%.  H TR A BT
FORL-OKYE, SRAESE R0 B T LE AP RLE P IR B el Tt T e BOWBRHER L 23RS, 5 =Fhifh
% T8 A i P SYIHETBCR  41.68%-62.79% 0 T A% 73 i FE HL 4RSI B 22, AR MR 68 2 300 75 B T 24
R B REFEHETBUR 25 T PRI A7 i il 75 % 1 -

R L 21 R A alTin
500 S e 102 Y #fs ey
’ ) Tk n V) it T
- 250 ] Bk ¢ 12.20% e
) §§ 1220 —
3400‘ 27.05% ﬁj
E 0.95% fE/
< 20, 5% § % 15 41.68%
=300 g
< 23. 50% &
= 26. 08% é s 2. 48% é 1.95%
2,04 z ~10416.27%
fd 3.50% i
= 12.71% o 45.98%
2 35.30% H |62, 79%
1004 57, 38 46.91% B 5 42.01%
= &®
48.49% A 43.19%
18. 46%
0 . : : 0 : T T
FALSEZR SRR SRR 45 R TR TSR U R A 75 R T

B4 =F i e FEXS LR

Fig.4 Comparison of energy consumption of three

BIS =il 75 T 4 BR AR MRV (%o L
Fig.5 Comparison of GWP of three asphalt
types of asphalt pavement

P B A A S e E R R R o

pavements

3.2

W v T 2 o S N REREHE G D IR AR 2, REBUE 0 M T A %8 ] W 25 B e i R X REAR HTS 4G SR 52
MAFRRE, RO F BB R il G R T R R U .

ROKFI0FIH T REFEANT 10%H) g oeid . BT RRAZREREBM I, LIRS
U FE X 45 A 2 FEI RS, G T r UE i S AR FEREATHE S, R T R 1 TR LS 1 S K B
A, BRI REEELE 10% AR 1B eI R A o xt REAEHE O, SR K /), BER B Rl AR AN T . W A= 2
T TR S B REAC AT, WM B B (30 75 A e =PI T % T REAE 45 SR R U ik
37.07%-49.17%, HEREBT Bl 1 AL 7= 0] ReFE 4 R IFREA B o THEI AR 7 1 b 4 e 7R REAE R
FE, EIER 1A, FERIGE A i R AR RERATT, oM A P S S I R R AN K, T R T T At
T B JEUUE B S50 75 N AT AR IA T B T REAE - KUB A R BRSO R, o TR S R 56 J2 007 75 4 T B
5 RSO R I T B HETSCR B N 32.38% 30.55%. it T Ve B A St AR R i PG R R R 2
IREREHEBORTT, RS RbE frid A e MR 2 000 75 B T S K PO BRHE TSR T, RUE Ik 20.44%. gk
JE T BRI K 5 ROk 5 7 B T VR A RS i FE R HE R R U N 10.14% 15.64%, ARG,
PAGIZ FE P AR REFEHR . FE R A BHIN FATA 50 SR NI 1 2 20 75 B T REAEHE G AN K, X G
S 0 7 6 T T R R A v

RO LT T AN FELS RN R U
Table9 Sensitivity of secondary unit processes to energy consumption results
oo RE-ME S RUEREEERT WACENIRE R E R SSERn T
JEA R AR = -1 49.17% 37.54% 37.07%
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i 15 13- AR LS - 10.90%
it T -1 A RNk - - 12.19%
A B R - T 15.27% 20.60% -

R 10 "R TR AR E 45 R 1 R BUE

Tablel0 Sensitivity of second-order unit processes to global warming potential results

I R RUEBZ BRI SRS NIPEIL R 7 B 1 15 RO T

JER RN -7K T - 32.38% 30.55%
it T - AR ks Ha 20.44% 12.22% 14.09%
it T3 -TR A R M A 18.88% - 12.31%
it T3 e -TR A Rz 15.64% - 10.14%

R 11 HEE LR R R BUE

Tablell Sensitivity of asphalt production to energy consumption results

Bt FUHEZERE  HACENEREDE®RE SBERMIE R
b 61.85% 54.77% 42.01%
CPE T A = 2.52% 3.28% 2.80%
BESUR 0.07% 0.09% 0.68%

VERAE A RN TAETF R AR, REVRTE B AN B 2 B BRI o AT 45 SR KR AN 45
FIEEME . SRR A AN 7 H O A HETSOR - (R SRR A3 BT AR L1 DOI A R T o AT, SRS il 5
KRR IS A AT ARNTE BB, 19 B RE VR SRR AT (RSD) o W THBMIAT R i AR L
A EE, BT HEIRREE TR (690 , B&FRC DOHA M 52 R TAT, HEBRE W = E
I Tl HRAR AL E B AR BTR 22, 48— HL DOI= (3+4+3+4+5) /5 NHEWE R R, BRSH a. BY
5, ERIRAEEL 90%-110%.

R 12 ARV A E g R, WEWAT, L d A I REAETH S il E BEROR, T HEGS
RN E BEARXT D, B R RE T2 2RI I EL A P AR A AR BRI Rl BUESED) , m
FEHAEA . RS — R BEIR B A —RRER,  HE AR . R 2 R WA . AEE
PRI , ASHIE T T 0 28 S REVR 2L i Jo 3TV SR80 (0 AN 52 AR T 1.70%-7.68%, AR Al 52, E%
JEPRE TR B BERE BN A5 B HEUA 7 32 BRI T B SER1TAT ML T A A R4 5 S b, R
E TS 2 B AR AR Ta] I 2

R 12 REIGHERRATIEL (RSD)
Tablel2 Energy inventory uncertainty (RSD)

REYE AN R S R YRk H

i ¥ 7.55% 7.50%  7.59% 7.66% 7.55%
Ji S 7.59% 7.56% 7.59% 7.61% 7.52%
JRUE RIS 2.89% 7.53%  7.56% 7.53% 7.55%
CO» 2.78% 2.58%  2.56% 2.70% 3.64%
CH4 4.70% 3.53%  3.53% 3.54% 2.87%
N>O 4.03% 422%  4.23% 4.36% 5.56%
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R A3 =TT BRI (1 LCT Z5 31 RSD, AT LU H 2% BEFEHEICEURE (9 AN E B PE 10% A, BEIA
HIF C R Rl i e

13 T BRI A I BT A
Tablel3 Asphalt pavement life cycle inventory analysis uncertainty
JRw JEEE RS CO, CHs N2O
WARENIVERLZIF BRI 6.29% 3.77%  4.08%  2.51% 3.59% 2.86%
TR I T B 6.22% 5.59%  3.72%  2.72% 3.83% 3.85%
15 2Rk T % 6.43% 3.83%  2.69%  2.22% 2.83% 2.62%

DB TEREANDR I 2 FER MU, A RPN SR, IS 7R A R v 130 7 R T 24

N 1.425g/kg. T REHE A B FITid B 7 A PR BRI PR 45 RN E L L3R 14, 5 LCL 45 R, HoAHE

FEMSA N, TR TR PR A RAE IR b AL AL )E , A E BE T Re AL I R TP MR . 455 30(4)
L (5) KB LCIA SR INERG A0 E BERUR, B IAHIE TR W] SEVERLLT
R 14 R A A R R A AN E

Tablel4 Uncertainty in life cycle impact assessment of asphalt pavement

Hﬂ |J\/ J —1
WRAFINEILRIN g oo 4 T R 5 B T

SRl
AR A 2 2.28% 2.57% 1.75%
A AWRE S 2.93% 3.74% 2.75%

3.3 YR B A PR AT RR FRARIE S AT

BEXT RBUZMTEE R, KRR R, I RS RHRFEHOR . FHESOR S8 i A = Fh75 i%
T BEFEHE T S MR o

(1) ZKYeAHRI SR 75 1 18 e FEHRTSU 200 73 B

SZh4 (A BEUKTHISE I TR0 Y R K 538 FH 7K e A= i A 3R 270, e pr s bR 2h KR . kil
TRIFAETR 37K VE « K WA RE IR R 7KV « 52 A R IR Sk /K U8 5 #8380 ek 1 o /K VR 00 75 8% 1T FF) REAE HE Ok /D 28,
SR T 60 AT ED, KU RN e f5 R4 W 30 75 % T P B HE RSO 0 2015 810G ks, REFERR)E
TREAEXIAEBA R . BT RERR S KRR B AR B T B 2 1 T, b TR P R e REHEL
FB R R A AGBRIHE, R REFEHE R ARG, 5 0wt Ui i IR 2 /K VR J5 M 2R D1 e e 0 7 T
e BN VA T B T RO 0 3 R T 13.17%- 12.43%, BEFESREE 7051 K % 2.28%- 2.62%. ‘K1l KR
FEE IR 87KV OB AR K P 13T REDRAHFBUR Z AN K, B A REIR h /K Ve IS A
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Fig.6 Energy consumption and emission reduction rate of two semi-rigid asphalt pavement after replacement of

ordinary Portland cement with different cement
(2) PSS W75 % 1 REFEHE I 20 7)-H

T FEAFEI TR EGRL, RPN RS RE LR BE AT FEAIK 30°C, S5 Gl 7 A A il 035 314y
At = 7 TR AR PR A (0 BEREHEROR D 2, SR ILTN I 7. AR, SRATEHSOR TS 0
T A BEREHE, A SR R0 75 B T R BRI i K, BUIRPER ARG 2.41%, W5 BERCH N 7 %
T REFESRIE T 5K, BRAR 17 3.71%, St 7R~ I 2 00 75 I 1 BE MBI 50 RUR BRI, 700l T T 2.58%.
1.22%. X+ PR NITESE 2 0 75 B R U, KV R BB A LR FEROR AP I B CR - midB Bk
% T T A v 1 AR B R A 1 S PR A I i 5 4 e i FA IR B TREPRHIN A B RERT
MM RBUZE S, SR ARAEEOR, REREFERACRECN IR, TR A RHINIAE BO T A BRAZ BRI (8 R U
SN/, (RIS 5 Rk i 7 B 4 o A DY A B B A BRAR IR I (L R AR MAAIAE 10% L) |, 245R
RERFEEAR, BRHEBOR A & T AR .
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Fig.7 Energy consumption and emission reduction rate of asphalt pavement after adopting warm mixing

technology
(3) ARSI 7 % 1 REAEHE A R0 73 Hr
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BN A A AR REHE B IRIRAE . B0 Bon, RAP B RS0 B 1) B FEHE O S EARSS, MFRB =
T, VR BT AR AU B . RAP BRI 10%, HAEG FIARERERD 6.88%, BrHESE
WD 2.31%. 4 RAP BEIEH] 30%Hf, FLMFZIE BRI, SACENIMEZE BRI, 325 %
THIAEFETRFE 73 ) B F# 20.64%. 18.56% 15.26%, BRHEBE 5T % 6.92%. 3.92%. 4.39%.
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Fig.8 Energy consumption reduction rate of asphalt Fig.9 Carbon emission reduction rate of asphalt

pavement with different RAP content pavement with different RAP content
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Fig.10 Diagram of the relationship between
transportation efficiency improvement and energy

consumption reduction rate
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Fig.11 Diagram of relationship between transportation

efficiency improvement and carbon emission reduction
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(3) R A BHINFAFA S0 PR A i il 75 % T REAE HETSORE MRV e, X R 4 A 42 5 22307 7 B 1 52 A X
BUp o SRR AR BOR T FEAR I 75 BR 10 A REFEHEI, b S 2 00075 B Tl B HE TSR N BB B de ok, LA
PR 2.41%, =B ERF T HEH BERR R N R, BRIK T 3.71%.

(4) FAEF ARG MRS IR REREH, 24 RAP B EIA S 30%0, LM EHE K. Ll p
WIPEE Z 05 BT . =45 2 R0 I & B T BEFESEE 70 79l N % 20.64%- 18.56% 15.26%, TkHE =537 T %
6.92%- 3.92%- 4.39%. &% SEIH0E LS 0 T B 1 REFEHRE U D R IR AR O .

(5) PRt B BURiE F AR 20 1 P EIRy, HAEE 7RI 2 L EX MR, 55bf
D —E 2200, J5 8 5L T N 58 ¥ AR TS R IR0 S o TREREAT R BRI, DASRAS S w5 i Bt &5
R

EEPE N

1 Wang X C, Hou R G. Journal of Traffic and Transportation Engineering, 2007(06):46. (in Chinese).
Fik, RE. L& TR, 2007(06):46.

2 Liu F. Study on Damage Behavior and Structural Life Reasonable Matching of Long-Life Asphalt Pavement.
Master’s thesis, South China University of Technology, China, 2010. (in Chinese).
IR B, AT i 7 B TR A7 4T O S L i F i A BEULRCRE 7T, A 22 A S, g B TR, 2010.

3 Cui P, Sun L J, Hu X. Journal of Highway and Transportation Research and Development, 2006(10):10. (in
Chinese).
FENE, PMLE, HARE. 2\ FIE, 2006(10):10.

4 Yi XY. Journal of Highway and Transportation Research and Development, 2015,32(06):25. (in Chinese).
SilalfH. 2\ R, 2015,32(06):25.

5 Xue Z J, Wang C M, Zhang W, et al. Journal of Highway and Transportation Research and Development,
2015,32(10):37. (in Chinese).
BB, BB, sk, 55 2RI, 2015,32(10):37.

6 Hikkinen T, Mékeld K. Technical Research Center of Finland. Research Notes 1752. 1996.

7 Pan M P. The Methodology Research and Application on Energy Consumption and Carbon Emissions of
Highway based on the Life Cycle Assessment. Master’s thesis, South China University of Technology, China,
2011. (in Chinese).

16/18



MELSHR, 2024, 38(20): 23080071

DOI: 10.11896/cldb.23080071 }j ﬁ 3’&

http://www.mater-rep.com MATERIALS REPORTS

R, FET LCA WIEnE A B REAE SR H O S VERT I8 M B B 20 i8S, R TR %, 2011,

8 Li X Y. Environmental Impact Assessment of Concrete Pavement and Asphalt Pavement Based on LCA.
Master’s thesis, Southeast University, China, 2015. (in Chinese).
FHME FET LCA KI/KUER I 5575 M B PR, Al 2200050, R KAE, 2015.

9 Zaumanis M, Jansen J, Haritonovs V, et al. Procedia - Social and Behavioral Sciences, 2012,48.

10 Fusong W, Inge H, Fei Y, et al. Journal of Cleaner Production, 2021,297.

11 Vega-Araujo D, Martinez-Arguelles G, Santos J. Procedia CIRP, 2020,90.

12 Wu S. Research on the environmental impact of HMA pavement and WMA pavement based on LCA.
Master’s thesis, Southeast University, China, 2015. (in Chinese).
R T LCA WA SR BB b 78, Wl 22601830, ARFFREE, 2015.

13 Zhang Y J. Study on Energy Saving and Emission Reduction of Asphalt Mixture and the Technology of Warm
Mix Recycling. Master’s thesis, Shenyang Jianzhu University, China, 2017 (in Chinese).
SREA. W ERAR RERHRT AN SR HE A SORBETT. 2 0830, LR HTUR A, 2017.

14 Pantini S, Borghi G, Rigamonti L. Waste management (New York, N.Y.), 2018,80.

15 Garrain D, Lechén Y. Journal of Environmental Management, 2019,252(C).

16 Alessandra B, Anna D E, Chiara M. Frontiers in Materials, 2020.

17 Cong L, Guo G, Yu M, et al. Journal of Cleaner Production, 2020,256(C).

18 Qi J, Fusong W, Quantao L, et al. Materials, 2021,14(5).

19 Feng M, Wenhao D, Zhen F, et al. Journal of Cleaner Production, 2020,288(prepublish).

20 Mulian Z, Wang C, Xiaoyan D, et al. Sustainability, 2021,13(9).

21 SongZ Z, Zhu H Z. Journal of China & Foreign Highway, 2020,40(05):36. (in Chinese).
REEFE, ABLil. #9254, 2020,40(05):36.

22 Li X R, Chang R H. Guangdong Highway Communications, 2021,47(02):9. (in Chinese).
TR, WM., ST AN EE RS, 2021,47(02):9.

23 Cai H M. Research on the impact of asphalt on the environment during the use of asphalt. Ph.D. Thesis, China
University of Petroleum, China, 2010. (in Chinese).
AP, WE AR TSR T, s AR S, o E AR, 2010,

24 Ou X M, Zhang X L. China Soft Science, 2009(S2):208. (in Chinese).
BRI, KA R. #EHFI5, 2009(S2):208.

25 Lin R Y. Research on Greenhouse Gas Emission Evaluation System for Asphalt Pavement Construction. Ph.D.
Thesis, Chang'an University, China, 2014. (in Chinese).
i . T T RO AR IR = UAHRBOr A R T, AR, K R, 2014

26 Shen Y Q. Evaluation Model and Method for Energy Consumption and Emissions of Freeway Reconstructed
Project. Master’s thesis, Hefei University of Technology, China, 2017. (in Chinese).
LR, ek A MU OE TREREME R HEPPI AT ROk, Wil 22 AR S, A IE TR, 2017,

27 Xu X N. Life Cycle Assessment of Cement in China. Master’s thesis, Dalian University of Technology, China,
2013. (in Chinese).

17/18



MELSHR, 2024, 38(20): 23080071

DOI: 10.11896/cldb.23080071 }j ﬂ 5”’3

http://www.mater-rep.com MATERIALS REPORTS

28

29

30

31

32

fr/NT . DK TR A B VR, i 00, KRR TR, 2013,

Zou J J. Environmental Burden Database and Green Development Evaluation System for Asphalt Mixture
Production. Master’s thesis, Harbin Institute of Technology, China, 2020.(in Chinese).

A ey . W TR BB AR P R A4 B P Sk 0 R R AR RE AT, L S AL S, R R Tl KA,
2020.

Wang L J. Study on Integration Optimization of Asphalt Pavement Preventive Maintenance Timing and
Countermeasures. Master’s thesis, Chang'an University, China, 2011. (in Chinese).

ENE. W B IR I HL S RS AR . Bt S, K REE, 2011,

Chen A Q . Study of Decision Method of Asphalt Pavement Maintenance Based on National Test. Master’s
thesis, Southeast University, China, 2018. (in Chinese).

MRz st ERR R T RIS B IR R 7T, 2 AR 00, AR K%, 2018.

Li H Y. Energy saving and emission reduction and economic evaluation of warm mix asphalt pavement
construction based on life cycle assessment. Master’s thesis, Chongqing Jiaotong University, China, 2016. (in
Chinese).

RV, FET LCA JRFRVHTE B 2 U e HF RCR L2 BRI VR . Bt 22 A s, ERATIE KA,
2016.

YuHY, Ma T, Wang D W, et al. China Journal of Highway and Transport, 2020,33(10):1.

THVE, S, FRON, &5 1A B 7K, 2020,33(10):1.

WA, MR DA R EAE R S TR R R 2R . LA S, 2008 ARG R Tk K2 18 B
B TRV AR, 2010 AE0G 7RV TV K18 e 5 2k TR i1 ek, 2013 A4RRG /RVE L

R 2 H LG B RIE TR TAE SRS . Bl R ENFIIE EMR AT W 7e . B R ERE:
ARIABERUF R . R W BR TR REAS I BOR 07 T T 78 AR . RR R SC 30 R
35 Construction and Building Materials, Journal of Materials in Civil Engineering, Road Materials and

Pavement Design %,

18/18



