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Abstract: In order to achieve the "double carbon" goal, it is very necessary to reduce the carbon dioxide e-
missions of concrete. In this paper, the concrete containing phosphorus slag and fly ash is taken as the re-
search object, and the life cycle carbon emission assessment model of concrete is established based on the
life cycle assessment method (LCA). Monte Carlo simulation is used to analyze the uncertainty of the life
cycle carbon emission of concrete. The results show that: the life cycle carbon emissions of concrete with
the strength of C70, C40 and C30 are 399. 85 kg/m®, 297. 02 kg/m’ and 239. 85 kg/m?®, respectively. The
carbon emissions of concrete increase with the increase of strength, and the highest carbon emission
process is the production stage of raw materials. That is, the energy contained in raw materials. It main-
ly comes from the energy content of cement, up to 85%, so the cement content plays a decisive role in the
influence of concrete carbon emissions. The uncertainty of carbon emission in concrete life cycle is more
appropriate, and the uncertainty is (—20. 86, 20. 83). The uncertainty of carbon emission in the produc-
tion stage of raw materials is larger, mainly due to the large uncertainty of obtaining raw material inven-
tory data. The uncertainty of carbon emission of the three kinds of concrete is almost the same, which all
come from the carbon emission factor of the concrete raw materials. This study is helpful for more accu-
rate assessment of carbon emission in concrete life cycle, and also conducive to the low—carbon develop-
ment of concrete industry.

Key words: green concrete; life cycle assessment; carbon emission; uncertainty analysis.

5 H#7:2023-05-06
EL£WA 9 E 2= B A L (45 . BS202003) ;s S AR MEHE R0 H (RS B ARMEAS ] 72022163 )
TEH BN BB (1972—) . 20 B2 I 5E 5 1 o 2K TREM B,

186



Fwesr 5 AT LCA & RB L BFGTH 5 R o2 547

ZBAUFAR - TRESHER

1 5|5

(e AR A R 48 9 AL 4 kR AR+ Y
AN AR BRI 40 L ) i P g G ARk kL R IR
i HE R L P B 2030 AR SE LR IE 16, 2060 4F 5L
BB R R SR R HE R L —,
TR BE 2 H A )1z 9 S R, A R R AR
7R BERNR E A e B SRR K R CO, L
S HERCR 1 82 %, TR E AL W REAE & HhAE 2
AEAE A7 Eb Ak 2 39, 5%, Bt 25 T B 3T 2 B2 D
FR Bl 3 it 1 38 L TR 7 AR B AR N 4E 2
R G VR TR O IR B A B e, TR+
A= il ) 300 B 458 5 e, G R o) e HE TR 1Y 43 B LV
M o6 TR TR R R AR L, EA
e Bl R TR AY K R AR BT TR A 58 A IR TR
N R R 22 1) 2 R TR B R HE OO A A A 5
XF G0 g YR BE R ORE R A Tl R i AR K
e s ASAURT LA S 80 Tl [ 1 740 2 ) i Lo />
IKURFH L AR TR 5 1 A B HE L, 40 Flower %55
SR, R R AR 25 Yo B 3 3 fik R £ /K JE 7T LU
s 37k 25 MPa 1 30 MPa F R 5 1 1R 2 SR HE
LA S BEAR 13 % F0 15 %, Kim 2738 53 800 4R
HE LA LA R EE, 58 BE 43 0 R 18,21 Fil 24 MPa
AR A Eb rb 8 Ry S8 R v i VR ¥ L CO,
HECR 4> B> T 25%.29% F1 26 % . H 25 If:
KIY BLGE— A7 R VAN T3 3%, an o] 58 in v 2005 2 F
FERMRIB A FERRI B . 85 55 A S 5% 2R S 2R
i JE A PE i #3807 T TR B8 - Bk HE PR A S I &R
G ER, T SEECONER” B BR ., Tl TR B
+ CO, HE AR w A S, (H A iy S8 0
fiti (life cycle assessment, LCA) J& —Fh 1 & K& 4K
P9 50 B 5 I A7 AE 2 VF 2 00 R RN A& B OAS B
P FH G B R 1 TSR e 2 0 AN B R B R

PRI 5 RS 432 3 Xoh TR = A= i J) 300 3 B85 5 i) A AN
W M BEAT 43 BT, Zhang 555 % BE IR B + BF B AT
T LCA 2307 % T LCA B 7= 4 Ao E M
Panesar 25" 40 81 T D) BE B0 Y 1 B X £ TR
+ 5 A i A PEAL 2 R L BT T 6 R OAS [) T BE B4
CHFR 0 i B TR 6 i A 1 L 8k 405 ) i 3 45 £
HAHFE) XRE - BRI, Zhang 1Y 4351
KR SRR 2 B S Sk i s T 28R
iff 5 4 1 ) R BT 1B B AN

ACHET LCA # e IR %t 1 A= o J& 109 8 HE il oF
WA A, I HEAT AN B o 4 BT A B IR BE 0 AR A
IR R @ i IR S 7 8 e w | A SR 39

2 REELHARGHE

R+ RO B FE R A LCAL R —Fh g
PRI S R PEA 5 3 J& 7 i 8 LB AN A A A
SOETDNNE Ry (7S A TS E R IR s O
FLAA = A A T P T A 1 A 2 R AT ER B
AR — R
2.1 itEHLR

TR A A JED 00 HE T B R AL A A
ZLLCA, LCA & 7= 5 76 Hoa A A J B P 09
A RN U R R BT S Y S R DA L A S B
SE H bR A B2 SO T LA M LR R PR A L 4 R
FRAE 4 AN IRDS IR OBy A T 0w HE RO Y
XF G R IREE £ L BF ST AL T REZ T, DB G F
KIUTVE R R G A B AL 5 JER R A 7= B B LR
4R 32 iy By BE RN BE A PR B BEAE 3 AN B B
A5 B Ry KU L E R K R K B T S
JE AL DL K32 i B BRI A 7 Iy BE R I RE Y S R
L B IR 2 S CO, . TR BE 1 A A B A0 3
Bl & 1 iR,

R RE TR

K ¥ 2
B I
TR (1 2L
il 1) T B 1 9

HLE B 2L 7

1 I i A e

KR Ak P
FAE

|
|
|
|
|
|
|
|
|
|
| iz i B VR
| 0K 107 RN
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

187



2023 4F 6 A zx 10, Bl ¢ (Journal of Green Science and Technology) 5012 1
T fie B S A= A JR 30 DE M AR &R b Al 7 FrUE )R IHE  HaE A X (3D,
G RLRE . T R B ML B LCA 250 ,
AR . T B0 R LCA £ o =3 G o1, Q- BF, o)

1 22 DI RE L T I WA 200 % T — Bk . A SCEA 1 m?
TR AE NI ARERA AL, LCA WIS R —E AT 1
m’ VR BE 1+ 9T 7 1 9 U5 RN BB R T FE B L CO, A HERCR
BCAS, BITR B 4 A= i JE 3 A B4 ke HE R 1Y T BE
BN JE kg/m®  TREE T A A 5 B0 i A 1Y 2 g
By ET0/m’
2.2 RBELTHmHEMITE

FF LCA REE + CO, HE 8P4l 32 2 15
JERE AR A 7 A2 i AR R 7 A AR B B T R
CO. HEMC, TR EE 4 J5 bR E 7= B Be £ 295 K 4 Fh
TR A 7 gk A A B HE L A S K U8 L R AR
TR i ORLE R 20 ORE L 80K TR A Y AR 7 R
T Ao R ) HE 5 A RS B o B R B KR M R Z
i ) S0 5 T SR FH 32 i T LT RE Y S L YT AR
R 7= Az 0 B HECHR: 5 TR 2B e i BB B R W R
FESC G = HEAT IR BE 0T L Be SRR IR 47 0 #E R T BT
FEA R HE . Bk, Bk CO, HE k& AT 4y
BERR A (D,

CO,=C0O, ,+CO, ,+CO, . (1)

KD H, CO,, A A 72 B Be i CO, HE T
i, CO. ARz f i & b CO, MR, CO, -,
kit TR B i) CO, HE L &
2.2.1 RAAEFHE

FE SR AR 7= B B, 5 R BE A R BT T MR
ORUE B BHRTAN D ) CO. HE R #3545 Fh b1
B AL CO, BHERDR TR, T ERT 1 m’
TRLBE £ 7= i (0 v T A 1 A PR RL I A R L AR
P B SRR HE O B AR o ) L 7 DR B4R AR 7 1 B R
FEAE R CO, HER T . 75 22 2% 18 CO. By HE A + 1
MRV R A =2 .

CO, , =2 (Q,XEF) (2
H2H,Q M B () (O LEF, ¥k GO HE
T T (kgCO, /1),

2.2.2 RBAMAZHH K

iz B B #E R B BE IR, OF 7 AR R R R
PR TIOR3z i B B A B HE I K B B2
MIECRHEBE £ A2 7 T 50z i JEORF BIR BE 4 A 7=
K, BT s ey T T I FE BE IR I 7 AR A Bk HE
TR R E 5 2 B0 IR R B | A2 e TR 14 ik
FEIR |z i S AR 1) B HE R R K. TR BE s
WA CO, HF ik i mT LR 48 2 50 HE 0t

188

LG H .G B bR B (o, ZC
R AR E T B R E R (D, Q,
B A ¢ FhRERE A 2 B T B FE I (t/km)
L, MR ¢ T 2R B 4 A 7 0 iz
(km) . EF, 8RB R (kgCO, /G o
2.2.3 BRBEEAEFHER

TR EE 1A 7™ B B Bk HE R A= 7 15 & T 5 FE
FL B JUT P BB HE L 5 B B T S 8O AR R R A
(R T A AR 7= 5 A% (0% B 1] R e £ B HE i 2R B
WAL AT A R AR S H R Y L A E
53RN T A DG 1 TR &t RIDR BE 1 A 7 1 R] Y
CO. HE s RT AR 9 481 FH 22 1 15 A Hl FE E A7 3153, A 4l
SR HE R AR ) s () FR .

(ﬁhzim'ﬂﬂNmEﬂ D

KO H, Py N 0 BB L )&
(kW) , Ty W5 @ FpAE P21 £ 1932 17 /NEH () L N,
R R R R (B L EF, A HURK HE R A
F[kegCO,/kW « h) ],

TR 8 4 2 i J&) 100 9T 9 B 1y 32 2 IR L B
AR a2 1 TR, Hopok U8 DL SN R
YLK A 7= 1 ¢ %38 Ak R $R /K U2 (42. 5 MPa)
KRR SCOK UG A e HE SO B, B e T K A
TR BRSO A TER AR R A BORHB R
IKUEHS B 4 A HITIE R, AR A B A R
18 t Seqlh 5% 4 ¥ A a2 Hi 50 km, X Ry AR 7 o
AR 2, HE i W i R 2% & CO,. v LLK A
P A AR R Rl HE RS 2 830. 30 kgCO, /t.,

S5 A BT R AR T2 M RBFENE B, AR SCE i
eFootprint AT T StIN B s g A3 BR A Rl 2B 7™ 1
AT I A B HE T R, AR 7 R Yk
& 109. 27 kgCO, /t,

1 RETTEBHHETFHE

5 R 24 B eHEI R B/ (kgCO2 /D
1 Kk 830. 15
2 [y 3.12
3 i 3.66
4 7K 0.194
5 Uk 7K ) 28. 49
6 oy B 84. 4
7 Wi 109. 27
8 S8 74.1
9 P 7 X 38 HL 0.714




ki, % AT LCA G & RB LB L R HMH FEAFAR . TESHEAR
2 KEEFIEBRBNFTEHIE
it 8 44 B kL 24 Bk g o A
AR A iR 843. 31 kg CLCD: f1 K f1 FF %
it 120. 61 kg CLCD: % + 7%
=30 36.12 kg CLCD: % 58" i 5 °F- 1
W] 21 kW + h CLCD: 4 E - i M i iR &
HoEHB be AR 1.52 t H U R
TRy 150 kg CLCD. 5 CEHE  TC AR B 32 i 5
H 1 28.75 kW + h CLCD: & E 3 s M B iR A
K U 5 HOEL B S R
et CLCD: A E# JF R
RAM 200 kg 2700
M 41.8 kW « h CLCD: & E s M i IR A&

3 Az AP 0 AS B RE 2R e A

B AT A550 R vE f A  JE 4 4 R T gR
PER) 3 AT FPE A R 2 DG HEVE L, AT SE Y LCA 19 25
I R AE Sk P Bl sz Al T, LCA & —Fh
B R B 8 4 B 5 i A AE R VF 2 R N A&
Tl B AT 22 1 T B AT AT R R AT LCA 4B (9 5L A
Z W B K R RS T RE SR 1 SOk S A A
FEAEAE a0 P LI X PE AR 25 SR 17 A
FEMEATAT R AR B A W . AR ST AR T T
77 % (data quality index, DQI) X R % + B% HE ik
A Y B BT AT E kL B AT, hﬁtﬁtﬁﬂg
PR 524 £ 2 0 LCA 280N & v k17
BT
3.1 MEHEREIERE

B TR AT DL A R SR B T R Y T
Pt S {H 27 75 X0 T H 45 SR 0 A o MR AT = Ak
AP ES RN RE EL R . e, o] DU 2 Y S
#(Beta BREO LU B S5 (a . 0) FIIE RS (e )

FEEFME R AT FEAE , =X (5) FNC6) TR .
(a,®=max[int(2Sp; —5,1]« (1,1) (5)
(asb) =p + [0.4+0.05int (2Spp )5 1. 6 —

0. 05int(2Sp) ] (6)
KGO Spor WBHE R RS T: ¢ N

Bl p AR AR A B {E L BUAR A5

B B i 255 V0 05 R S BT O3 1K
XD

Srece =+ 3 S (")

] 5 90 R WA ¢ 135

q=%§qi (8

K@ H.g IR B n HHEITEK

A8 sq M EICRE.
T ) o B WA ¢ 8 R AR AR
B R .

1

_ g¢—ming;

€D

maxgq, —ming,

H (O H . ming, N &/ Ial & JC &K {H;; maxq, N
A EILEM. WA ming, > 0,8 T 5 7 K
90 T B B S A 20 B 4 3 BERR R ming s

NHF 1< ¢<5. TR ETEN 4, (DR
(815
%iq,*l
R=" ’14 X 100 (10)

MR8 A b L R ¥ DQI 43 B 45 54 A%
P+ 5 i A B 70 2 9 AR AN B 2 4 A TT DA 3
BT B — 48 AR (E DQI mifH i . HAK DQI 43 fic 4n
23PN,

%3 DQI 7 EEHEFE

o KR]3R (A BT o5 E A B % DQI
0<<R<C12.5 1.0

12, 5<<R<25 1.5
25<XR<C37.5 2.0

37. 5<R<50 2.5
50<<R<(62.5 3.0

62. 5<CR<<75 3.5
75<<R<87.5 4.0

87. 5<<R<100 4.5
R=100% 5.0

3.2 BEWLSTEIERSL

TERAE T3 R0 i A% 19 DQI R . AR 3
— AR B4 M R A ] A A — A K B e O B
HLAZ S . B 70 A1 MR Fh A [] ) 3 3 BRI IR = 4 g
8 X A AR T AR B 20 A1 2 A7 3 AU ASE 0L 200 TE 285 70 A
XPBCE S 73 A | 45 53 53 A RS B A S0 X 2
Py B o3 A1 W 38 B2 bR B AL 2 DB IRSHL o
B Kediii siZ K a M b, BEA B9 LE i 2k Y

189



2023 4F 6 A zx 10, Bl ¢ (Journal of Green Science and Technology) 5012 1
TR S H v w1 o S 0 B BR 2 T S 50 BUE AARFBIE O . X0 T A DQI Y i 453 [l A g
Bl . BB 4 A el & 1 AH 56 2 500R 52 B ME R 4y AR S E R 4 TR,

F4 ZHEREREERESS

[EP NI bal Bk S H AL/ %
18I i 5 B a 8 a b
0<<R<{12.5 1.0 1 1 —50 “+50
12. 5<<R<C25 1.5 1 1 —45 +45
25<<R<C37.5 2.0 1 1 —40 +40
37.5<<R<C50 2.5 2 2 —35 +35
50<<R<(62.5 3.0 2 2 —30 +30
62. 5<<R<_75 3.5 2 2 —25 +25
75<<R<C87.5 1.0 3 3 —20 +20
87.5<<R<C100 4.5 4 4 —15 —+15
R=100 5. 0 o 5 —10 “+10

b 239. 85 kg/m*  HEULEE 5, TREE - BB HE U BE &

4 RS0

4.1 WHER S

TR B - 1) e HE B 5 TR R A 7 B B L TR R
BB LA I B, ASCAITREE ) B 3
Tl B VRLBE 4 oR S L R B HE I, 3R B Sl CT0 TR E
= 0 A= i TR I BR HE N 399. 85 kg/m® L R N C40
FIBRHE L A 297, 02 kg/m® . 38 B A C30 Bk HE i

SiR JEE A4 1 T 8 TR A T DR R A 5 1 R S S
JE KRG R BOR R

MR B2 SRR TR BE L bR Y 32 B F A
7 B B R BE 4 A SR A B e HE R STk AR A D
4 B HE T e ﬁéﬁtﬁ%ﬁﬂﬂ%ifﬂ%&%i%
KVETKIERI N & HE ik 8500, K Je iy &
Xof YR 56 ik HIE T 14 5 W R AR Y

F5 BELIABHER(I m’) kg
%+ e i JE 4 T R 24 B it ait
i iy T HE i KU A i K ek 7K 551 K RO
C70 [[iega 350.00  1065.00  625.00 160. 00 4. 40 100. 00 100. 00
JEAE R A P B Bk HE i 290. 55 3.32 2.29 0.03 0.13 8. 44 10. 93 315.69  399.85
32 Ky B B e HE i 0. 90 1.61 0.94 0 0.02 2.71 1.99 8.16
TR BE A B HERL  16. 00 16. 00
C40 fic &t 310. 00 970. 00 960. 00 165. 00 7.60 60. 00 50. 00
SRR PR B Be i HE L 257, 35 3.03 3.51 0.03 0.22 5.06 5.46 274.66  297.02
12 i I B HE TR 0. 80 1.46 1.45 0 0.03 1.62 1.00 6.36
TR A Bk HEL 16. 00 16. 00
C30 fii &t 240. 00 900. 00 1000. 0 165. 00 6. 00 60. 00 60. 00
SRR R PR B B HE L 199. 24 2.81 3.66 0.03 0.17 5.06 6.56 217.53  239.85
12 Ky B B e i 0. 62 1.36 1.51 0 0.03 1.62 1.19 6.33
TREE A Bk HERL  16. 00 16. 00
4.2 AHWEESF i S e NP i S N 1 DER i s S VTRV ol =N
FE RS BT i 48 br B A L, FE 55 o i o 5 A gL ¥
N W A KO WL 6, 4 — B dE ()T 16 358 2 i JA 000 0 3 4 8L i H

AT DUAR 5 — AR A R e 48 oy B AL A o, T o 52
R 2 kT DUV S 1 5 MOA i A 9 3R 5 b AR
] S0 B HE I A i o

SRR PR ISR L T BEPL AR A J7 3% L FE LR
o i AT BB B9 AN B E L e 2 AR AT W
P B . ASCRI AT Crystal Ball #PF2E4T 4000
WS R B E D HAT AL 95 00 Y B AR X ). 2R

190

AR AR 3 590 R DA A 7 i R 3 s I B i HE T A
TRBE A2 7 By B B HE R . BEALAS 38 08 J5UA R 1Y
i HlE T 2R 280 3 i i B 9% 9 R R ORI A By
By HE R R TR ILER 6.

() BUE 20 Tl 7 AU U RIORIDHS J3E 225K, i A
R TN AS B R A a8 BRI P .
AN E PR B A RO 25 2R, B W A R AT b



Fwesr 5 AT LCA & RB L BFGTH 5 R o2 547

ZBAUFAR - TRESHER

F6 BEITEGHABABEEML m) kg
AN [R) 5 E TR o 1 TRAH 53 2 @%i%fﬁﬁﬁﬂﬁﬂm% o &1t
JE A B A 7 B Bt T2 i oy B TR BE A P B B
C70 SN ) 314. 95 8.16 16. 00 339. 11
PN 402. 43 8.67 19.12 430. 22
/M 229. 92 7.69 12.92 250. 53
C40 T BEMH 274.00 6.36 16. 00 296. 36
TN 354. 67 6. 74 19.12 380.53
s /IME 196. 71 5.98 12.92 215.61
C30 ] B 217.07 6.33 16. 00 239. 4
IO 277.59 6.68 19.12 303. 39
s /IME 158. 39 5.93 12.92 177. 24

1 m® JREE A= i 8 300 B HE B 45 T R A R
AR PRI B B R FIR BE AR 7 R R AR i) A Ak
BRAAR A FT . C70.,C40 F1 C30 3 8 VR Bk 1 A= £y J5 15

P e HE T 1% 27 8 43 51 K 340. 20,297, 33 F1 240. 09
kg, BRI HLARSE SR an i 2.3 Al 4 FIrs .

40007 i 40 ] 57740001
C70% #E 1 Bk HF 7%

- 70
60
50

go,m -4();\;
30
20
10

0.00

260.00  280.00 300.00  320.00  340.00  360.00 380.00  400.00  420.00

ViGN

T Pk (C) @ 100.00

% 150 PN

B2 C70iR&E & an B B i HE A AR 0L

H T UL ERES Ry — R 25 3R, o 1T i —
AR LA 45 SR a0 1E e, AR SR A Bootstrap yil
e W BE 4 B0 R E PEEAT T . Bk
HRT - O X B — Fh i B IR BE 1, 23 0 28R R
AR AE 77 B BB HE T 32 fi B B f HE i TR BE L 2R
7 B Btk I T50R A= i J) 9 e R s S 4 S H AR
@4t X i 26 H FR(E 4T 4000 AL, 100 % B B 15
B [A), 45 R BEALIHE 4000 NEEAS , FRA5SF 449144 , 40
I 4000 KL A5F] 4000 A4~ B 4E 1E B R 5 A
(AR 3%, 2 X 55 R0 i A 1% O 0 S o A 1 L R R
W, ANHENE LR A 97, 5 2 hi gk — F ) /P

PHE X100%, FBR M (2.5 00 8 —FH1{E) /1
B X100 %0, BEHUSE R WLFR 7, X IR BE 1 4 B J5Ar
B HE 51T Kolmogorov Smirnov i % (KS test) ,
Uk 1A SRR B R e 1 Y

8 7 )AL, 3 Fofooi B VR T 0 R ORE A 7 e
B tHR I B A T R P i O HG AN 0 S P S L A (—
22%,22%) o E B AR TR ORI BB 19 2R U
iff 7 PR 32 i B B S o PR L X (B 3. 5%
KA U WTISCER A BCHE L BT B TR BE A 7 I B
T HETI AN 8 PR AT LA X 2 14 Ay, B2
Jir D] 2 P B HE I PR - 01 8 R T A9 8 T AN i o 1k

191



2023 4F 6 A zx 10, Bl ¢ (Journal of Green Science and Technology) 5012 1

400071 eS| 5 7740004
CAOE Bt + Tk HE ik
0.02 80
70
60
s 50%
= i
0.01 40
30
20
10
00
220.00  240.00 260.00 280.00 300.00 320.00 340.00 360.00
t
UiB PN fifisE Pt (C) 1 100.00 % EETFR

B 3 C40 B % 4 45 3 B ak HE A

400073 56 Lk ] i 784000
C307E i HE ik
0.02 30
- 70
- 60
’ - 50
sy
0.01 - 40
- 30
- 20
- 10
0.00

0
180.0 190.00 200.00 210.00 220.00 230.00 240.00 250.00 260.00 270.00 280.00 290.00 300.00
t

UiSRPN sk (C) @ 100.00 % IEE 5K

B 4 C30 R #k 1t & ap F B R HE B AR BL
7 1m' BRELHBRHERRFIBESHT

o Wk HE L/ kg ¥ 1H kg 2.5 %5 i B/ kg 97. 5% 438/ kg AN %
C70 R AR 72 B B 315. 64 244, 55 386. 60 (—22.52,22.48)
iz B B 8.17 7.88 8. 46 (—3.55,3.55)
TR B A 7 B B 16. 02 13.72 18. 31 (—14.36,14,29)
S HE R 339. 83 268. 95 410. 62 (—20. 86,20. 83)
C40 JERE AR A P B B 274. 62 211.91 336. 96 (—22.84,22.70)
iz i B Bt 6.36 6.15 6.58 (—3.30,3.45)
TR BE LA B B 16. 02 13.72 18. 31 (—14.36,14.29)
SRR 297.03 234. 34 359. 52 (—21.11,21.04)
C30 JERE AR A= 7 B B 217.42 168. 90 256. 99 (—22.32,18.20)
iz i B Bt 6.33 6.11 6.54 (—3.48.3.32)
TREE A B B 16. 02 13.72 18. 31 (—14.36,14.29)
SHE 239. 67 191. 09 288. 12 (—20.27,20.22)

192



Fwesr 5 AT LCA & RB L BFGTH 5 R o2 547

ZBAUFAR - TRESHER

I e T BOR BE 1 A= i J8 30 Bk HE 800 SRS i 2 T
A E AN E P (—20. 86%,20. 83%), 3 Fil
iR T R A ) B I 8 P LT — B 1 BH B
P2 — B0, AR BE A R R .
T EE i ik B WS BN 1 T BN g S i L H AT
TG 1 AR IR A B B 005 o 1 0 5 4 0B S DL 4k
S P RVRF T 00 7 1]

5 458

A SC LB A WA Ry R K 0 R BE A O F
SRR FET LCA 4 # 1R B 4 A= i J& 300 sk ik 1
AR, SR FH 52 R 2 o X TR B - A= i ] 300
HEAT AN E P BT L A5 B0 R 4598 .

(D58 BE R C70 TR BE £ 1Y A4 A 830 6 HE i N
399. 85 kg/m’ 3R Ky C40 (KRR HEL 4297, 02 kg/m’ ,
SR EESA C30 MR HEACH 239. 85 kg/m’ . T EE 1= (1) B HE
JAC it 5 5 P 388 g 3, e K e S . TR
A A A B AR FHE R AR RS [ B B A A R TRD I R
T HE T S5 v B4 Ao R R JRORE R 1 2B 7 B B B A
BN SR, FERBE FRKRRMNAN TR, B
85 % » R K Yo 1Y 5 = XF IR Bt 1 Bk HE Y 5 e
g MEAE A .

(2)3 Ffrii B YR ¥ + A9 TR L 2 7= B B ik HE i
9 B A P D R, R B PR VS B ZE (— 22 %,
229, BB AR JE A RL S B RN 19 3R IO 1
PERCK 3z i By Be AN 8 V2 XHE ol 3. 540 2247
Ut B AR P OB EL 5 T A L TR R R 7 B B i HE
A AS 0 E PR, oA Wl R 14 % 2 A, FE R
AL 2 Fi e HE PR - i 8 AR B B G T A AN iff E
SRR L TR A T B B ik HE OTE AN B P

S AN E P (— 20, 86%,20. 83%), 3 A
5 FBE VR R - 1) B HE R S W 1 L — 2L B0k A
TR B = JE A ek 8 ik HE i IR -

SEHK:

[1]Vanden H P, Gruyaert E, Robeyst N, et al. Life cycle assess-
ment of a column supported isostatic beam in high — volume fly
ash concretel M]. RILEM Publications, 2010: 437 —444.

[2] Flower D J M, Sanjayan J G. Green house gas emissions due to
concrete manufacture[ J]. The International Journal of Life Cy-
cle Assessment,2007, 12(5): 282—288.

[3] Kim T, Tae S, Roh S. Assessment of the CO, emission and
cost reduction performance of a low— carbon— emission concrete
mix design using an optimal mix design system[]]. Renewable

and Sustainable Energy Reviews,2013, 25.: 729—741.

[4] Tait M W, Cheung W M. A comparative cradle—to— gate life
cycle assessment of three concrete mix designs[ ]J]. The Interna-
tional Journal of Life Cycle Assessment, 2016, 21 (6):
847—860.

[5] Chen Z, Qiu H, Gao L, et al. A local adaptive sampling meth-
od for reliability— based design optimization using Krigingmodel
[J7]. Structural & Multidisciplinary Optimization,2014, 49(3):
401—416.

[6] Flower D J M, Sanjayan ] G. Green house gasemissions due to
concrete manufacture[ J . The International Journal of Life Cycle
Assessment, 2007, 12(5): 282—288.

[7] Kim T, Tae S, Roh S. Assessment of the CO, emission and
cost reduction performance of a low— carbon— emission concrete
mix design using an optimal mix design system[]]. Renewable
and Sustainable Energy Reviews,2013, 25: 729—741.

(8B, gk KA. A: i J& 301 5 B0 3 A i 54 ot 4 A0 [ ], R BT FL
FHFFE, 2003, 16(5): 55—58.

[9] Zhang Y, Wu W, Wang Y. Bridge life cycleassessment with
data uncertainty[ ] ]. The International Journal of Life Cycle As-
sessment,2016, 21(4): 569—576.

[10]Wu P, Xia B, Zhao X. The importance of use and end—of —
life phases to the lifecycle green housegas (GHG) emissions of
concrete - Areview[ J]. Renewable and Sustainable Energy
Reviews, 2014, 37: 360—369.

[11] Zhang Y, Zhang J, LiiM, et al. Considering uncertainty in
life—cycle carbon dioxideemissions of fly ash concrete[ J]. Pro-
ceedings of the Institution of CivilEngineers — Engineering
Sustainability,2015: 1—09.

[12] Remondo D, Srinivasan R, Nicola V F. Adaptive importance
sampling for performance evaluation and parameter optimiza-
tion of communication systems [ ]]. IEEE Transactions on
Communications, 2000, 48(4): 557—565.

[13J Li T M. Wu Y T, Chuang Y Y. SURE— based optimization
for adaptive sampling and reconstruction[ J]. Acm Transac-
tions on Graphics. 2012, 31(6): 1—9.

(14077 500, 15 B 65 RFID 1 756 1R 5E £ 44 74 9 1k o B e HE i
BRERTFELT]. M LHAR (P 3830, 2023,52(2) :8—15.

[15] Vytla V, Huang P, Penmetsa R. Multi — objective aerody-
namic shape optimization of high speed train nose using adap-
tive surrogate model[ J]. Journal of Petroleum Science & Engi-
neering,2010,25.

C16 BTk AE. kA5 i A 10T AN 9 3D T BN At 370 445 40 e Hlk 7ok 1 1k 43
FrlD]. o« 7ok 4% . 2021,

(1706 Rk, @SRy B Boslk HE O 55 77 i 0 9e [ D, W6 42 . 16 22 it
FRH R, 2018.

LIS AR VT A bk e . P A R B L B HE T 58 5 a0 T L) 1. B K
2016,28(4) :32—34.

[19] Zhang J., Xu L, Gao R. Multi—island genetic algorithm opti-
mization of suspension system [ ]J]. Telkomnika Indonesian
Journal of Electrical Engineering. 2012, 10(7): 1685—1691.

[20] m#k %, BT 2415 AR Y V3 42 plE 4 22 2 M 2 3 AR IR AL F
FE[D]. R EPKK¥, 2016.

(217 kW, B 1 e K TR BE I & o 88 T B HG A i Jo] 30 37 455 F
Bril Z D] Kb g R, 2012.

193



