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UHPC Carbon Emission Control Potential Based on Life Cycle Assessment
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Abstract: In recent years, ultra-high performance concrete (UHPC) has been widely used. However, due to excessive
cement consumption in the production process of UHPC, the solid durability and long life of UHPC, the level of carbon
emission from UHPC is not yet well understood. Therefore, the life cycle assessment (LCA) method was used to build a
quantitative UHPC emission analysis model to compare and analyze the carbon emissions in the whole life cycle between
steel-UHPC bridge deck and conventional steel-concrete bridge deck structure. The results show that although the carbon
emission of UHPC in the production stage is about 1 245. 84 kg CO,eq/m’, which is 1. 58 times that of the ordinary
concrete , in terms of performance, the carbon strength of UHPC is 62.25% of the ordinary concrete, so UHPC is a greener
building material. Over the entire life cycle, the average annual carbon emissions of steel-UHPC bridge decks decrease by
35.76% than conventional steel-mixed bridge deck, offering significant carbon reduction potential and contributing to the
sustainability of infrastructure development. The steel-UHPC bridge deck scheme has engineering comparison advantages
and excellent economy, and its carbon emission per unit output value is 0. 89 t CO,eq/10’ yuan, which is 86.41% of that
of the conventional steel-mixed bridge deck and has a better carbon reduction effect. The reliability of the results and
further emission reduction measures are discussed, and finally, the contents to be further studied are put forward.

Key words: ulira-high performance concrete; reinforced concrete; life cycle assessment; carbon emission; cost analysis;

bridge deck
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T BERARAELSRAT I R HE A AT MR BE A e E 2 T AR RL 2 BRIRBE A 7 i iy Bk HE
JBCREZ) | A ERORHE R R (1 5% ) IRBE ATV 20 & 35 B R MRS HEE 77, B RG, Wk TR SE - RRHERL Y ik
T FR FARBM B AR K Je 5l & 6 HDB B R ok e 2 i ele sk BRI 4, EK K TR ATl = A
(15 CO, HEBUREFEAR 2 IFOR A — 21 SRR bR BATR 58 - FH et A 38 IR AR HEAR R |, 3O 2 A 44
o PRI, W T AR BRBRE LA X R AR v Bl HEOUT i B AS RS R

i =P REIR BE 1 (ultra-high performance concrete, UHPC) VE AT = 4K i H AT QT ) /K e Jk B Bt A4
B, LUBR R WA AL B 3R A0 S (A i 2 M 7 U 42— R LV O B LR R, UHPC B HAth R
&+ TN H A I 20 Sk BE , TR E KT 120 MPa, FFE2 245 PLhism R+ 5 MPa, FFLEE/N T
5 nm, HURIHEFR R ST Pk RE FRYE RE S8 A8 AN A TR ¢+ (reinforced concrete, RC)'® . HFT, %f UHPC Hy#F5%
B TNTEBER MR P BRERE D5 18T, 4. EAERESET /48 T UHPC JEAS T3 22 VERE SO 4 LTt AP D B 72 3R
Rl (545 8 5 Ding 4518 55 A 7= A AR K U8 Bt UHPC A 7T REME AN B34 BRI L 451 i 55 2 W] UHPC 2894
FE4 48 h HIRTAEN S A ARFRY 24 d MY Y5RGBT NPt T3 . UHPC FES5H 210 N E By #E 5 3
AT ; Almansour %"/ M1 T UHPC 320415 BRI T 07 15 R UHPC T AFESE H R it A MR
B AR R 25 KR B AL G e AR 4 5 TR 7 S2 4 X E-UHPC 204 W St ol , R A9-UHPC A4
A7 TR 2 Y S0 B 2 AT AT TR AR P8 55 o7 3 5 XK 45120 % B UHIPC. 8 R MRS 48 09 A T A 110 DO B, 02 %
A9 57 F AL . (HJ , HATXT UHPC PRk as B9BFoEEE /D o DABRHERCIAL SR Ut , X 4 UHPC BA AR
KOV iR B2 8 R BOWL A5 ), e A ik R b BB 1R BB, PRI 442 7 1 m® UHPC F52£ 800 ~ 1 100 kg 7K,
SRR EE LKV FHRAY 3 ~ 4 A%, MK e 2 = BEAE AT m B HE RO SR SR, Bt UHPC A A= P i B R i
H A HOK-FAR T BE RS T RC, X247 UHPC 5 Z# iy — A ), (HJ2 , UHPC /) PERE T LI 45
it T TR T TR O AR, AR TR 54 B 3, M T i o B 4R I R A 3R 43 o, R T
I, UHPC EA Fd i FHI4ES /D i 45 i, el 3102 78 S0 A B HIR 8™ AE B ) 33 348 40 Bi HIF I 728 46 7 124
3 UHPC h2s, BIAE 50l UHPC ] BE A — M RBR B 4} A e, 79800 5T RA BN FE | (R REFE AN
CO, HEBOT T B A WS, nT BE R BB A AT 28 (BT B H R HE RO - 24 T HER A% 5

He i AT (life cycle assessment, LCA ) 32 I8 —FH AT LIXT = f (A5 AR H DA KRS 76 1) PR35 52 e R 2%
AT R 7k . JEFIE, WF98 R A LCA ¥, UL UHPC MFFEXT 4 RCAE NS I, R HiPAk 4 E
i R RRHE R | I LUAS H AR (R 1 2544 A 1), 374l UHPC A RHERCE $il 7 7, 45 UHPC B RHAY 1E £
SIPAG PR

1 UHPC k#2204 A

1.1 WHEREENHE

ARSI 1SO 14040 A1 1SO 14044 HELSE ) LCA B4 EE 7 UHPC 8 4R . LCA ¥ M Aya T
2 W) 23 ()30 A 5 B AR, BRI, AN ) A BIF5 2 de BEN TR) ) R 8 30 ke Xl 7 i A T IR S i 4 b . — M
LCA M RGN FREAT o A DL SUA B, 43 32 < PRSI “ MFR BRI R TT™ < AR T 313K
B NIRERRIE A ARG R E 1 R,

“MFEEERNICE" B LCA EZH TG S 4 ad B A IREE R m , L35 b kA 7 as i etk 4E 30 A
AbE < NFRAEZIRTT” B LCA S8 2% 18 ™ Sl il 38 58 AT A PRS2 e (9 AR ee - 1y T sy R D it
“NKITRIBCE 1) LCA H 2% R HEESR A MR 2 Ab B B B i PR 52 1) 5 < A2 8 248 05" 19 LCA B T3F
FEEE S 43 R BRI S A1 | 30045 T X6 78 SRR 0 110 T A AR R 1 i

ARSCEZEXT UHPC Fil RC AT 2t B B HE ARt AT, R AR IE I BCEE” (1) LCA B FM I R4
A AFEEM AR B G2 B il TR B s E R BRI AR B B . UHPC Ml RC A 42 A= i Jo] 4
WRHEBHESR Q& 2 fiEoR
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(a) Life cycle carbon emission framework of steel-UHPC bridge deck
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(b) Life cycle carbon emission framework of steel-concrete bridge deck
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Fig.2 Life cycle carbon emission framework of two types of structures
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1.2 IfEERMSITMIERR

TE LCA WF5EHh i WE S Y0 B 75 i — 2D e T RE 0L . DHRE AN 2™ i R GL 4D Be (A P (8D 19
JE i AL, R LR A D RE I 22 5% A AT TR D RE B OT L AT AR R] , W0l 2 A 48— Y LU Rl . AN SR
FH 1 m® JREE T AAE 7 B0 B2 1R BE AR D RE A

ARWFFE FEEPIE T R UHPC FIAR ] UHPC 79 PR T 235 440 1 B S a5, 35X 1 IS A9 T 45 # 70 7R 2 e
3 W B AR A2 8 B8 1 07 T AT AR [ B S RE AN ] SE AR R . (HIE , 275 4% 28 SCHR T RHRT (IR BE L 25 A4 i A
MBI HRE) (GB/T 50476—2019 ) , 8-UHPC #f Ifi A fff FH 4R BR %y 120 217 49-1E 9 1h0 2 £88 48 B Sl
80 a, PRI, 7 AR RN AR O0 T, ASBE AT 552 i Jo] S B HlF il 240 08 5 | 6 SO i 3+ 5 1 e ke e 449 3
BN BALERHERCR . Q0 UHPC F1 RC ARRHEAL LA AR A 1 m® BRRHEELE (¢ CO,eq/m®) ,UHPC Fl RC [
17 5% FEBRHECE (t CO,eq/ (m® - MPa) ) DL K PHFR S5 44 ) AE S R HECE: (t COLeq/a) o
1.3 mHEMEF

MEUAEE H €O, CH, NO, SF, S, A AHR 25 (CO,eq) 2 f AHRICR Y [ ProrifE, BX
& FE B ] AR AL L TR 5123 ( intergovernmental panel on climate change, IPCC)}%Q‘(@FQ 100 a HY4FRAR
B2 ¥4 BE L ( global warming potential, GWP) {& FA5 g ( UL3R 1) A SRy i HE Al 52 el D7l 1) BR B8 52 Wi 46 s, LA S A7
CO, HERCRAE B, HAb IR = S R IR CO,eq, AR EEHHEM CO,eq TLERSE CO, .CH, FINO,,
oAt T 2 S S B D N S 4 R

®1 GWP100 a HERK
Table 1 100 a equivalent coefficient of GWP

Environment type Equivalent unit Greenhouse gas Characterization factor
CO, 1
CH, 25
NO, 320
GWP COjeq cel, 1 400
CFCl4 4 000
CF, 6 300

i T3 1 R ST G — e, A SCIBRFERC R 7% JH GaBi education database 2020 WU&E 2, REVR AKX
F& BE R F CRE SRR HE RO 55 1) (GB/T 51336—2019)
1.4 AT EEER

FRAEHERC R 2k HEEAL UHPC 5 RC 2548 BYBRHRBOK -, BR7 47 BR 4 2E iy R I BlkcHR 0 R B T 4% (1)
i
(€ +G+C+C+ )

c, : (1)

.0 A A R AR Y BRHE R B kg COLeq/a, n 20 HIAE B €, 2 844 4 72 I B e HE ik i i
kg CO,eq;C, JERM B H BT BEHER B kg CO,eq; C, S0l TR BERRHERL B kg CO,eq; C, JELEY B BERK
HEWUR R kg CO,eq; Cs SR B2 Ab B Iy BEiicHE R B kg CO,eq.,
14,1 EMA AT AR

HERE A 7= B BT R S B SR LU SR BT R (BB UR A 7 T I — T BN S R T S8 ok 1k
JIEP= A R . A AR = BERRHE RO 2 €, nT et (2) 5

€, =Y 0 xEF" (2)

K. Q, JEH | A EE AR A TE AR B R ¢ SR AR P R B R 5o e AR R
1.4.2  #@ptisieHeo T Hsim

12 50 9 Bt 0 B HE UK SR 2 i Bt T A = A R HE R, 32 A B v AR I RO R €, TR
X (3) 35,

C, = 2. 0, xS xT, (3)



1246  JKUEIREE L R R 8 Fak

K. QS5 i M EE ARSI RAOTHFER S, 5 RETEM MM R, T, 25 g s R, SR
2 A RRHE R T
1.4.3  Jits TacHER A5 7Y
Jiti T i B3 Py Al e e = A Y R AR AL fe P 2o e v 2890l | e S BB R Y THHE 1% R R HE R R HE R R S
T TREA K, T BRS¢, T (4) 35,
Cy = X P xEFY (4)
K. P, R IR A AR « RhREIR AT BFY) 255 ¢ P REIR BB HERL R 7 s m SR REIR A B0,
1.4.4  AEPrmHERcH A aRY
Y 5 B HE I AR 2548 15 (T T P A R HE R . &SR 4 R HE R R ¢, AT (5) T,
C,=C,,+C,,+C, ;4 (5)
K. €,  RAEETRE T S AEE ORI P2 AH DG I B HE U 5 C, S AEAE i 78 vh 5 A b 2 i A G 1 e HE i
5 C, AR R i T A AR HE R
1.4.5 AL E WA TR
IRc KN B B B TR UGE - 2540 35 ) o8 FH A B S5 X2 b A2 1A 7 A 2 T 7o A AR e HE B, 22 9 B (A el e 32 22
SRR T AL S M A REVR AT AR . TRE L A U R AR BR AR AT a2 i 2 o T SR T DR
M 208 5B BB S C5 T (6) 5,
C; = Y, K xEF? (6)
ok, SEYRBRARRIEAESS | FRARUR S & B S5 ¢ MR B IR R B HE I T
2 TG EER

2.1 IRELHIFEAN

B-UHPC #r i, BCK A0 2 5 20 s e BE TR B AT A6 TR MU BV A A 2549 . A9 R 24
MU F F AR R B, EFFK N 600 m, 58 34.5 m, Br3ER AU T TR AEZLZ5 4, 35 R
90 m, RAFBITALA 6 438,17 43N 80 km/h, WETTar 8 A m-A ¢ X n] 4 436, PUas i B h A 2,
PUBAE MG BE ZU R Ry 7 B FEAR K N 24. 1 m/s, UHPC JZ/EE 4 210 mm, FEB%E 10 mm JEHIH 5
12 mm JEREAR , DARETAHIE , FER8A0 & 50 mm JE 5 35 5 5 5 A 1R 5 FL (stone mastic asphalt, SMA) JR#&E 1
VERBSFEIZ PSR AR R R T an 81 3 TR

K3 PIZSHR AR R AR T

Fig.3 Two types of bridge deck cross section

B4-UHPC FF HIAR (9 A4 P AR TR E + ) 017, 38 14 AN RS R , &11 500 280 - RAE E THL, 0%
FABkiz a2t T S i, w5 20 iz i e O B, R TR R AR X R 1z i AR B, B
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300 km , HAAA ALY IZ HEE B0 100 km, SRJE PG 6 85 22U S LR 30 TR B - A £ - [ 2 74T &
e BRI ASF R 50 mm JREAY SMA FEESFEIZ , AR IR EE - 450 2K . UHPC REMCEAT
TETER 2B 1) T A 250, IRV Tk HH IR RO 28 W 0 )22 S0 3 ) XU, At 3 48 o2 1 A T Jo s g™
W 120 )22 32 07 35 5) LA T TR BE 24 JRURS: | KA 2808l N JRa 5 2 e far 28V E 1 A6 SR M T 1) 1 3, AT
TR R AR 45 FA % S5 B SR B T R0 DRI, TR i A 2 s TR A3 Al D AR 8, MR A0 2 i JE1 30
BEAL R, B-UHPC A T AR AN F4 2 TR B T 4 it LI 59 67 5 TR R i) 5 B 20 49 R 4 A& — R (5 B4R TR
PR S 8 4F—IR) , TRE A Y TR FE 2 1408

T AR AL T4 IR EE ) (B 2 i i 2k S A1) BIPE R, 1 4 4 2% i B
24 REEERVE KPR A SRR B faE P E R T AR 0 IR AR AR YERE . WO -TR AR T
BEXTEERG AT N A8 B BRIREE A AR TS5 M PR BE , SRESS I L B R RUARR AR 1T R ARG 4
BT AN . 4K-UHPC AT 2548 T UHPC PR OL 34, HoRERAE 1 NI e 1k 5 Mk RE 7 1
SERRIN RS R AR, R L, 76 (2 /i w250

TRLEE AR A LU (51135 FHAR (B0 26 YR 58 + AR R LA HL iR+, UHPC AT 38 FE FR (Ll 140 MPa,
RC PR EAREE A 55 MPa (L3 2) .

®2 RETHRSILEIREHMETF

Table 2 Mix ratio and carbon emission factor of concrete

Mix ratio/ (kg - m~3)

Component UHPC RC Carbon emission factor/ (kg CO,eq + kg™')
Portland cement(42.5R) 771.2 412 0.928
Silica fume 154.2 — 0.482
Fly ash 77.1 78 0.477
Quartz sand 848.4 709 0.003 4
Quartz powder 154.2 — 0.003 9
Plasticizer (1.5% volume fraction) 20.1 5.39 0.75
Steel fiber (2% volume fraction) 274.8 — 2.67
Water 180.5 151 0
Crushed stone — 1110 0.002 8
Steel reinforcement — 179.78 1.98

BT A SR B HE O SR e o TR B B ( UL 3 ) R HE K 23 131554 -UHPC A% A R
PN -TR AR T AR AR A5 B B AR A BRI i TR AR IR 4,

£3 AHAREIETIREXL

Table 3 Comparison of main quantities of two schemes

Type Concrete content/m> Steel content/t Modified asphalt Crushed stone
’ UHPC C55 Stud Steel reinforcement Steel lathing content/t content/t
Steel-UHPC bridge deck 3 660 — 150 335 812 900 12 552
Steel-concrete bridge deck — 5796 — 1 042 975 1 500 20 920

®4 WEGEBREEGEARBHARSTR AL

Table 4 Analysis and proportion of carbon emission in whole life cycle of two types of bridge deck

Main phase caitfsl;ili—lsl:f) "y Propurl.ior? of carbon Cifi_(:ﬁz:ii , Pl'oporl.ior? of carbon Carbon difference/

(t CO,eq) emission/ % (t CO,eq) emission/ % (t COseq)

Materials production 7 337.03 83.57 4728.76 51.91 -2 608.27
Materials transportation 267.41 3.04 343.35 3.77 75.94
Construction 118.55 1.35 180.48 1.98 61.93

Maintenance 841.35 9.58 3561.93 39.09 2 720.58

Final disposal 214.33 2.46 295.77 3.25 81.44
Total carbon emission 8 778.7 — 9 110.29 — 331.59

Carbon emissions per unit year 73.16 — 113.88 — 40.68
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2.2 GRS
2.2.1  PARRGSHY N 2R R HE O LA Br
FEPIFNEER T, BRI AN R] 32 B3R R TR BE
AR, BRI e Bl TR 26 = A Rl HE K S 32F
70307, WPE(2) i3k 2 IR EE A H w45 UHPC
5 RC 1 m’ MHRRCE (WL 4) . UHPC 9B fic HE
W2 1 245. 84 kg CO,eq/m® ,RC (I BALBRARL K
786.25 kg CO,eq/m’, 4 57 77 i fi HE 2 RC 1Y
1.58 fi5, HoH KU FIAILT S e A 7= B B v (0 i HE T
325 715. 67 F1400. 5 kg CO,eq/m’, X FHA{LK
TeFNER £F 4k A5 7 3 B Bk HE L2 o UHPC A 77 1

90% , Bl UHPC ZFE/K U8 9 2 7 J5 2% A5 126 b |4 PR R
HEB b T4 0o 2 3 Fig.4 Carbon emission measurement of

two types of concrete

T I B R B 4 A AR A A TR O 0 B S e HE

CZ I SE R BIARAS 1 MPa 9T B BT HEACRY CO, ERIARRSREE C,, 0= (7) Fis .,

c,=C/f. (7)
. C SRR E kg CO,eq/(m’ - MPa) ; €' 2477 1 m® 1R EE L =4 R HERL, kg CO,eq/m’;f, SRR BE+
28 d MIPLEIR S, MPa,

BT o, A8 UHPC BE7 I K BRHEAR &, (H 58 7 8. 899 kg CO,eq/(m’ « MPa) , {{J& RC
BRIRE (14.295 kg CO,eq/(m® - MPa) ) 1 62.25% ,iX R BIAEIKIA T UHPC 7= A= (i HE i 2 & B AIK, 55 RC
FHLE , UHPC 22— B S 5 1Y 4
2.2.2 AR B

Wit 4 FNE S B Xt E A pT Hh A e AR -UHPC 7 AR A 4 A2 i JET U v e A A 7= B BEJRS s AkHE R Y
B L, Hoh UHPC BieHERL STk i 2, i FLAb 2 WLARE 2% 38 S HE I SR & B AIK . 5 AN TR AT T Al AH
L, #9-UHPC 5 1M TC 18 2 S HE R (3. 6% ) i SR AR HERL (35. 76% ) Y943 It T B, Feteisi HERE ) 2 .

WF5E R BRI -UHPC M AR, B A A 7 B B A, LA 25 B B 1 e HE i et R AR B0 e HE i 244K F
WA -R AR, JS4S UHPC BERS /TR EE + i FH i (36. 9% ) , 18 A 5, (1 AR S HLIEFER A 1 BE
{HAK-UHPC ¥ AR 7E S04 A 7= B B e HE AT 8 31 RN - TR T AR HE B %) 1. 55 F% o 3 G A A 7= B B
TR HER R 9 55— T PR e ot B b (A 22 (R AR, AXORE R 6% TR B 4 v 45 A A 1, AT A4 -UHPC
B AR F A A 2E K 2 100 a LAE (HJRAERHEROS A &5 L3

550 FUN TR EOR EE , 290 B B EL A B R )

WCHERE 7, 5 AR A F i HE RIS 76. 38% , JE LA

HEWH R UHPC A 7= 77 A i K i HEC . UHPC &1

REA R B aR L F, B an . K 0 (8 FH AR BR DL A AR )

Hrgrofii e ; A, ot AT R v AS 2 PR 45 ol i 28852 Ml T 5

BRI DA A RS R B A AR HE L

KT A TR T 3.6% ,ARRA K (H 2 AR Bk

Hel R E , A HEOK T Fei 254 R T 35.76%

BABRHE R, Aokid it s UHPC AR

VEIL, DAL RTURLR B , Wk 20 b1 ) PN 2 B 5 2 6, 4 B S PSR AR S AR MR B A
I A SEA UHPC A AR 19 B AR w] aft— 20 Fig.5 Comparative analysis of annual carbon
A A R HE O e, S SR 3G, 25 T B A ] emissions of two types of bridge deck

] B S, UHPC 9 1 F A Bl S b 15 it 1) o 4528
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PEE R,
2.2.3 ARG

FRAEAA ) R A A E , SR A28 B S 35 XHB-UHPC A7 T8 AR H B -TRATR 1h0 AR S8 3 0 0B 1 74k
BRI S R,

R5 WHAREEMARILL

Table 5 Comparison of main construction costs of two schemes

Steel-UHPC Steel-concrete
Comprehensive X
Phase ltem s (9] Unit Work . Cost/million Work . Cost/million
unit price Unit Unit
amount yuan amount yuan
Steel 1.65 Million yuan/t 1297 t 2 140.05 2017 t 3328.05
UHPC 1.58 Million yuan/m* 3 660 m? 5 782.80 — — —
Construction C55 0.38 Million yuan/m® — — — 5 796 m’ 2 202.48
SMA 0.321 4 Million yuan/m? 1035 m’ 332.65 1035 m’ 332.65
Sum 8 255.50 5 863.18
Operation and SMA 332.65 time 5 time 1 663.25 9 time 2 993.84
maintenance
Total 9918.74 8 857.02

Note: Quantities are given in Table 3.

HRYEHEASRNA-UHPC FFIARAEE G M2 A 8 255.5 Ji0, F HUAN-TR AT MR A s 24k 5 863. 18 J1 T,
UG AT D N TR A Eokeidi, 4M-UHPC A (03, (B2, % &5z B 4R B Be iy iiAs 3 i, #9-UHPC
AR 0 B A A 9 918. 74 770, & UK -TR A THI AR Y B B A R 8 857. 02 1ot AP 7 R 2R &46 /N,
iz B FP S5 F4 754 120 a A1 80 a 23l i AF 4 B A, A-UHPC A AR A 82. 66 J7 T/ a, F HILEA-TR AT I AR A
110.71 JiJ6/a, HMIATLUE 1, 84-UHPC MR AR Jr 2 BA TR LU i E , 2Btk S 8,

FRAE e 4 AN 5 TR A B HE R A AT LR B, F AR -TRAF AR A 1. 03 t CO,eq/ i JG, #-UHPC #F T
Bk 0.89 t CO,eq/ T TT, M H MUAN-TRAT RIHR 1K 86.41% , BN P (B HER R FRAR 2 13.95% , |y vl WL, i
FH UHPC 98X -UHPC Hf AR 285 46 5L S e ) el e 55 S
39 #®
3.1 AMAREEEHARERHRE

HRAfE B A B 9T S, A 5 KR B9-UHPC W TR RIM% G5 1 A8 SRR A 40 2 DRSS R Rk 4% 32 i it
TRBEHEST T MFRAE SR A LCA 80 HAFe 45 SRR W], R 4N-UHPC #7 Rl Y UHPC B9 2 4 F14K
oA T T AR 5 M 2 A v (AL (R AHR A BT B B, B9-UHPC 5 11 45 44 1R HE 5 REFE AR 1%
GLiEAE SRR, ER  ARBFEHE 2R T LCA MINEE L, oA 31 DR 5 2 058 B B, T LR B
L NFREERIR T BBk, 89-UHPC #7 TR B HE O T8 UK SRR IR AR 34 , EE 2i m T
TR - TR TR A, 32 A R R A HE P K e A FH AR T, 1 48 TR G = A AR M HE T A 388 o, PRI ke A
“NFRAEBNKTT” By Bt A T A5 HE O 5K 2 REVERA A 520 F UHPC 2548 AR HEROK ST o R S 53 7
Wi R DFRIE RS0 BB, AT UHPC R PERE PR3 K -UHPC 1 T 2544 I BRHE UK - R BRI
3.2 EFrHEM AR UHPC R AN

B4-UHPC Hf 170 A 0 e HlE B0 B0 e ARG 1 5 R TR AR TET AR, SO e A A 7= B B 7= 2 (R B HE S o2 1 40
TR AR, At LA B B AR B HE T X5 A6 T 5 B - TR T AL, 2% 1 31 LB 1) 4 FH 5 i, 4M-UHIPC % T
1 BT A B A AR LA B BRLAST 38 A RS, AT BB HE BRI (IS 3 B -TR AR T AR, SE MO, UHPC PSR SRK 25
EF RC, UHPC 98 i PE REAS UL o FH AT B Fp OS5 L35 A B 25 AR 31, 11 ELIA BE 0% 2 1< 307 75 TR ek 1 fif ) 5
A, G IR BRI A L (R RN UHPC 3547 T8 28158, (AT UHPC (TR AP A 58 4 T fff , 78
PLUJG BOBTZE Ha] DAIE 5 B B 25 14 22 Y UHPC WA RHA RE , UHPC 78 /0 B0 55 52 W 7 T B %% 25 1T fig
Wit —mag, 2567 8, FERHEC A T UHPC A1,
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3.3 #H—HRRRBRHEBK ERFEIE

UHPC F K I 2 1 i B HE il %) 32 B2 B DR, — T T LA 3t 48 I AR mse A Rk R R K I (i K s
5 ) Bl b K UE B A FH R AR UHPC A HEL , 57— J5 T IR C, S e C,S BB K e K 1548 A KA i
REIA T SEBRRISHE . (B R T ) | B A W R A 114 [ s A E UHPC 8 2 56 B AR S A A L 22 6
TEH UHPC IR AR PRBE S S5 PR RE LS sy I, B T s Bph i) b i B AR s S LR Kz
= A AR HE R A I, FIFAF UHPC 529, s ) U 1) v B LA S P A TR B 4 9 IR A e, ok
WD RAR BRI TR B, AR UHPC B S I AUMERE | 3 4 Bt T Rese b i S50 RO iR bl 7
TR, DTRENS A SO AR HE A . Ty e KB MR 4 UHPC (8 o B, e 103 T 1
SEPERSULER (A TUAT I EE R SE) |, AT LA A BIR i 2 TR 58 + i, AT S BB Vel HE

4 % b

ARWFFTIET LCA J5 430 UHPC G ISHE R 1 RS SCR , X A9-UHPC B 1 A AN & AR -TR R A 45 44
HEAT T WcHERCR A BT, EEE IR .

1) UHPC AUBRHEILZ) 1 245.84 kg CO,eq/m’ ,J& RC 1Y 1.58 %, HerpK U8 RV £ 2 2 1 mihse HE Y 32 22
JREE i UHPC A58 B2 RC 19 62.25% , Rt , NAE R HE & Lok, UHPC ZFE/K U8 19 A8 7= 5 =Rk
T EBRHERI R 3 (H R PERE F R, AIRIA T UHPC 77 2E BORRHR 3 FAK , UHPC & —Fhak (b1

2) FEEEMA A B B, B9-UHPC A5 a0 AR 9 A HE IR 5 R TR AR AR B HE AR 1) 1. 55 3%, TR e B BeRRAIR T
76.38% , IR MNIEA A A I HE R B R B9-UHPC B AR A SR HEBCR EF FERK, (ER A 8 B HE il R
W& T 35.76% , AAT B R BB HE /1, UHPC A FHAT B T REmb B0 iy il $54 vk & R

3) ¢ B o 455 A6 1) il P 5 i 3 B AR 2 AR | B9-UHPC #5571 A 82. 66 J7 J0/a, & M AN-TR A7F 10 A M
110.71 J5ot/a, 8-UHPC itk 7 24 TR RN B, 0G5, [FIE, #9-UHPC A5 1 b 25 44 1) 5 A 7™
fERRHES 0.89 t CO,eq/ T TT, S H AUA-TR AT AR Y 86. 41% , HA S 4F- IR SR

4) WNHERE LR, UHPC J&—Fh B 4 0 i Ebt , MBRHERCHL A R 25525 18, UHPC {EA5 K i),

BRUL EZ5IRA AP TEA RR it — DO i e i N 2 . e 502 1, W] LA JEXEAR [R148 5 BHE UHPC 5
RC 7824 i R TG R N IR TR HEROEAS | 255 -0 45 JE B IIRI AL L) UHPC 2548 A R 520
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