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Abstract: Based on the life cycle assessment (LCA) methodology, this study employed three evaluation systems
to analyze the impact of key mix design parameters on the carbon emissions of precast piles and explored the
applicability of a load capacity-based carbon emission evaluation approach. The research results indicate that using
unit load capacity as the functional unit for evaluation can effectively reveal the intrinsic relationship between carbon
emissions and key mix design parameters. Under the same load capacity conditions, the use of high-strength concrete
can significantly reduce the carbon emissions of a single precast pile. In building pile foundation engineering, the
application of high-strength concrete precast piles can reduce the number of precast piles required, thereby
substantially lowering the overall carbon emissions of the project.
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Fig.1 System boundaries corresponding to different assessment methods
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Table 3 Transportations of raw materials and precast piles
Material Cement Mineral admixture Additive Manufactured sand Gravel Steel Precast pile
Transportation Highway Highway Highway Railway—+ highway Railway+ highway Highway Highway
Distance/km 20 20 20 342-+5 342+5 20 50
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Table4 GHG emission from transporting one kilogram of material
per kilometer of distance under different transportations

Unit: kg
Transportation CO, CH, N,O
Highway 2.04x10* 9.84x10 " 9.41x10 "
Railway 9.24X10 ° 2.79%10 " 1.44x10°"°
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Table 5 GHG emission from single precast pile production and processing

Unit:kg
Process Co, CH, N,O
Concrete mixing 3.65 2.24X10* 6.10<10°°
Prestressed tension of steel bar 1.07x10" 6.56x10 " 1.79x10°°
Centrifugal forming 3.57X107" 2.19%10°° 5.97%10°°
Steam curing 12.39 7.56X10* 2.07Xx10*
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Table6 GHG emissionofsingleprecastpileinconstructionstage
Unit:kg

CO, CH, N,O
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Table 7 Mix proportion and 56 d compressive strength of precast pile concrete

Sand dosage/

Group my/my B/(kg-m *)

Gravel dosage/

Additive dosage/ 56 d compressive

(kg-m ™) (kg-m ™) (kg-m ™) strength/MPa
Al 0.20 550 945 945 4.9 124.3
A2 0.16 550 956 956 11.7 135.5
A3 0.24 550 934 934 4.3 114.5
A4 0.20 520 963 963 6.9 120. 5
A5 0.20 580 927 927 5.0 131.6
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Table 8 Size parameters and concrete dosage of prestressed precast piles under different design values of bearing capacity

Group Bearing capacity design value/kN Wall thickness/m Cross-sectional area/m” Concrete dosage/m”*
4 000 0.062 0. 085 1.02
Al 4500 0.071 0.096 1.15
5000 0. 081 0.107 1.28
4 000 0. 056 0.078 0.94
A2 4 500 0. 064 0.088 1.06
5000 0.073 0.098 1.18
4 000 0. 068 0.093 1.11
A3 4 500 0.079 0.104 1.25
5000 0.090 0.116 1.39
4 000 0. 064 0.088 1.06
Ad 4 500 0.074 0.099 1.19
5000 0. 084 0.110 1.32
4 000 0. 058 0.081 0.97
A5 4 500 0.067 0.091 1.09
5000 0.076 0.101 1.21
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Table 9 Carbon emission of precast piles with different water-binder ratios using per cubic meter of concrete as the functional unit

Unit: kg
my/my,
Stage
0.16 0.20 0.24
Raw material production 353.190 87 345.033 84 344.203 76
Transportation 10.610 23 10. 486 75 10. 388 94
Concrete production 17.567 29 17.567 29 17.567 29
Sum 381. 368 39 373.087 88 372.159 99
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Table 10 Carbon emission of precast piles with different water-binder ratios using single precast pile as the functional unit

Unit: kg
my/my
Stage
0.16 0.20 0.24
Raw material production 913.636 23 901.319 11 900. 065 69
Transportation 17.071 71 16. 885 26 16.737 56
Concrete production 4.33411 4.334 11 4.334 11
Processing 15. 247 90 15.247 90 15.247 90
Sum 950. 289 95 937.786 38 936. 385 26

R LTI A B G0 R 3R 77 1 h T B BA G0 Y AN [B) 7K B b 950 A ek ok HE

Table 11 Carbonemission of precast piles with different water -binder ratios using unit precast pile load capacity structure as the functional unit

Unit: kg/kN
my/my,
Stage
0.16 0.20 0.24

Raw material production 0.142 41 0.153 14 0.166 01

Transportation 0.008 90 0.009 65 0.010 45
Concrete production 6.75522x10* 7.36390X10* 7.99417x10*

Processing 0.002 38 0.002 59 0.002 81
On-site construction 6.844 03X 10 * 7.46070x10"* 8.099 2610 *

Sum 0. 15505 0. 166 86 0. 180 88

F12  BDLRTTIREE L (F 20 Th 88 B L B9 7 B B kR 4 48 PR 2 90 A ek Ak HE

Table 12 Carbonemission of precastpiles with differentamounts of cementitioumaterials using per cubicmeter of concrete as the functional unit

Unit: kg

Amount of cementitious material/kg

Stage
520

550 580

Raw material production 329.73595

345.033 84 362.813 44

Transportation 10. 526 82 10. 486 75 10. 455 38
Concrete production 17.567 29 17.567 29 17.567 29
Sum 357.830 05 373.087 88 390.836 11
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Table 13 Carbon emission of precast piles with different amounts of cementitious material using single precast pile as the functional unit

Unit: kg
Amount of cementitious material/kg
Stage
520 550 580
Raw material production 878.219 29 901.319 11 928.166 31
Transportation 16.945 76 16. 885 26 16.837 89
Concrete production 4.334 11 4.334 11 4.334 11
Processing 15.247 90 15.247 90 15.247 90
Sum 914. 747 06 937.786 38 964. 586 21

R 14 DU HE B LR B T 1 A T B ALY S [B) B R R R T o A B A

Table 14 Carbon emission of precast piles with different amounts of cementitious material using unit precast pile load capacity structure as

the functional unit

Unit: kg/kN
Amount of cementitious material/kg
Stage
520 550 580
Raw material production 0.15393 0.153 14 0. 148 95
Transportation 0.009 97 0.009 65 0.009 11
Concrete production 7.59612x10* 7.36390X10 * 6.95542X10 *
Processing 0.002 67 0.002 59 0.002 45
On-site construction 7.69598x10 " 7.46070x10"* 7.046 8510 "
Sum 0.168 10 0.166 86 0.16191

114.5=18.3% ), X —uk B+l i = (6) frm i )
5K FR LR AL Sy U A AR 28 ) B T el
il AT TS 5 = P K RS L, X e HE ik TIC ik 3 R ) DL A
A B HE TR A AR ] B 1 AR AR AR T 1 42
T 75 Bk HE RO 215 ARRAIR . B BETR B 19 2
JEBEE A RL FH it (R R S TEAHOCOC &R o Y R BEM B 1
M 520 kg/m’ 5 i1 2= 580 kg/m’ i}, TR Bk + 5 B $2 T
T 9.2%((131.6—120.5)/120.5=9.2% ) , M\ Ifij 3 5
T PRI B AR AR ST o ER EORRE A 7 B Be i Btk HE T
PR AR HE LAY 90 %0 LA b, HL it 25 Jie B R L
Ak, AR BHE R R T 5,290, AR I EE AL R
S X T AT SR B ) B SR O R A SR
Ay B, 7R AR T R HE TR AR o s AR T L T
B R 3T AE R IR B R DT T A 7 B HE i
BP0 B, AT LR T AT ke HE i S TR B A Lt S 8
bl ST 2 = I e O K o 1 L S i s AN 2
oA 4 2 i e A A e A 4 0 X
2.2 BAAE AR E 77 3 T A R HE B A R 0 4 AT

FE T AR AR B HE B TR B RS S 8%
REE LR 25, B0t T AR ) A
Xof B AR S5 Tl AT e HE T A 52 e, 5 SR A0 18] 2 B .

Wit 25 0 1 AT K 2R R THE B B T i R S
AR AR EL SR, T R R ALK . X R
FOREE 1 i RGN o % T AR 77 R A e HE A

B LR R, B HE R B BT X R
T AT 5 HE S 25 R T 8] AE DG
TSRV SRR X A B e i AR . B
M5, 2 FbE K 3k 77 & A M 4 000 kN 2 T &=
5000 kN B, A1, A2, A3 2 B ik HE i o B 38 K T
12.49%.9.3% .15.9%, i A4, A5 20 0] 4 5 16 K T
13.4% F110.3% . X —2F R FEAFREE LIS
P4 B HE 0 B 7 2 ) 18 1118 1 385 K 2 A [+
(R A8 AR R AIE , e A2 F0 A5 4 B B HlE 0 K A
XFEE/AN G AN AE 4 000.4 500,5 000 kN 7K 28, 1 K
A2 H AR HERC B A3 IR T 7.5% .7.8% .
8.1% o X 15 I iy it B YR B = 7 B AV B HE F O T 149
2P0 S RN ALE TR AR A 2 B B DR T . AT
e R T 5 A Ay TR ATE A A AR B T 3k 3 AR [] 2K
2y BESRE, mT LA A a2 T R A A R S B T
Al TR 0 A 80 ) DT 38 B 45 4 M e 5 PR B Ak
%t (B ) AL
2.3 EFHEEIREESHIMNELS T

TE A S TR S BB 5T o i I i SR A
K AT~AS AR EE + M T 05 TR 5 7= A 0 i HE
A 3R

WAV T30 ) A7 VR 45 K G L sl T e 5 A4 ek P kT
DA 2 B T S0 AR R R L K A B R T A AR W A
) SO B R R T SR W L, TR BT 3 00 skl AT 250



5124 A AR AR R B TR A i S HE OPEAN 43 BT 1255
1000 1000
N4 000 kN 24 500 kN 35 000 kN £XY4 000 kN £z24 500 kN £35 000 kN

., S, S, = w pE e N/

s Na N2 N E :"IVeE NaE N &
£ TNV E = = (Rl = = =
o — — — o — — —
g — — — g — — —
2 400 - — - — 2 400 - — — —
8 = — —] 8 — — —
“ — = — o = — —
200 - — — — 200 - —] — —

0 = — — 0 — — —

0.16 0.20 0.24 520 550 580
mylmyg Bl(kg -m™)

(a) Different water-binder ratio

(b) Different amounts of cementitious materials

2 TI_]A*T@JUJIXLT@T%*&%%HEWHFTE*%

Fig.2 Changes in carbon emissions of single p

Number of pipe piles

(a) Different water-binder ratios
K3 R HHEA tETﬁﬁﬁJi‘I‘TTﬁEE%‘%%TFdﬁE’Jﬁﬁzﬁ#ﬁﬁ(

Fig.3 Carbon emissions genera ted by pre

W/ o ST F A AR 7 S T R R A HE A i 3
SRS, T AR B /D T R Ok TS TR AR HE
JICAY R . X — & B T T A TR A L
TR B FURsHE R i v i EEEAEH  Ha R T AR fE
HEFIIR RS Z NI R . BB A, L
IKBE LG 0.24 1 A3 ZH S B, 7K S HE 0.16 (1 A2 28 Tl ]
M A FH AR e A3 2 B S /D R T AR
FRAR, B MRGE 17.8 %0 X UERHAE AR SUAESE TR PR A 5
SR TR BRE - AL, BEAS S AL FH R TR AR ) 3L
FARAL AL & T AORME 0% 38D T 3R RE 18
A RBEAR T TR HE R B, A s R R
&

3 #ig

(1) 24 AR5 1R B - R PR AR 91 A A1 A oA ) fE P
FLIEAT PRA B, 7K JBE L g 51 o A e HE T A 52 i 8520
1T S 458 A Ak P A2 90 532 W 0 8 5 5 > L T A P 7
R ) S R A FEAT AT AN I B A Ak HE S K
JBE HE 52 TEAHOG , 5 TSR A 8 U 2 B A O

(2) 2R JH L3 il A 5457 7 2800 oA By e PR Y
W5 1%, BE SV B Ml S W T 5 BG 2 BBO0) ) o e A

ast pile under different design value

ast piles with different mix proportio

s of load capacity

55000 —
50000 |
P 45000 -
< 40000
-2 35000 F
£ 30000 -
S 25000 -
820000 -
g 15000 -
“ 10000 |
5000 b
0

Number of pipe piles

(b) Different amounts of cementitious materials

under a predetermined building

TRCH SE BRI

(3) B P AR 27 B TR AY 12 7, SRR T ok
P8 Btk I TAR IO 18 A o (EL 24 R R R BT B fELE
R, 308 gk % iy 9RO i 8 T O/ TR B b R AT
RS P B HE L

(4) 75 S SUMEHE TR v, SR FH e ik TR 6E 4 ) LD
/U ST AR A5 5, AT AR R R TR AR AR Bk
HE

(5) A BIF 52 Ay ey ik TR 5 - 99 ) AP ARG 0k 3 1 4 At
THEFS LCAMERL , AR TAE R LLR J7 [ BEAT IR AL -
Oz A& LCARIR, 455 A5 2 8 il (AR Rl 2525
), i AT A X e HE A B A2 S 0 5 © TR R
G R 2 2R it T T 205 AN A R 3R ) — Rk HE i
KRR ;O 2 HARIUAL , U A % I8 sAs e 5
S5 Lz T R PRI AR AR BT PR TR,

S & Uk

[1] WANGPG, FUH, ZUO WQ, et al. Effect of n-C-S-H-PCE
s shrinkage of high-strength
and Building

and slag powder on the autogenou
steam-free pipe pile concrete [J]. Construction

Materials, 2022, 325:126815.



1256 H#OWmoM OB W i 28%
[2] #HER, VA WH20REE + R R B EN S5ikg[T]. @5 low water/binder cement-based composites(LW/BCC) based on

[3]

[4]

[6]

[7]

[10]

[12]

[14]

FHRFEAR,2016,19(6) : 957-963.

JIANG Zhengwu, YIN Jun. Technical principles and approaches
for development of sustainable concrete[ J]. Journal of Building
Materials, 2016, 19(6):957-963.(in Chinese)

FIER, w30, B9, 5 IRERIR BE 1 1 BOR LS 5 e 8
[T SR REHE, 2023, 26(11):1143-1150.

JIANG Zhengwu, GAO Wenbin, YANG Qiao, et al. Technical
principles and approaches for low carbon concrete[ J]. Journal of
Building Materials, 2023, 26(11):1143-1150.(in Chinese)
GUO XL, LIY X, SHIH S, et al. Carbon reduction in cement
industry - An indigenized questionnaire on environmental impacts
and key parameters of life cycle assessment(LCA) in ChinalJ].
Journal of Cleaner Production, 2023, 426:139022.

WA, AR, IR A -G AR IR R K e 1 R S TR B
HERORE 73 M7 (7] R ER@ 4, 2023, 42(11):3955-3963.

PAN Zhigiang, LI Chen, JIANG Zhengwu. Environmental
impact of slag-calcium sulphoaluminate cement and analysis on its
CO, mitigation effect[J]. Bulletin of the Chinese Ceramic Society,
2023, 42(11):3955-3963.(in Chinese)

PRADHA S, CHANG BOON POH A, QIAN S. Impact of
service life and system boundaries on life cycle assessment of
sustainable concrete mixes[J]. Journal of Cleaner Production,
2022, 342:130847.

SU X, ZHANG X, GAO J. Inventory analysis of LCA on steel-
and concrete-construction office buildings [J].
Buildings, 2008, 40(7):1188-1193.
MARINKOVIC S, CAREVI V, DRAGAS J. The role of service

Energy and

life in life cycle assessment of concrete structures[ J]. Journal of
Cleaner Production, 2021, 290:125610.

PANESAR D K, SETO K E, CHURCHILL C J. Impact of the
selection of functional unit on the life cycle assessment of green
concrete [J]. International Journal of Life Cycle Assessment,
2017, 22(12) :1987-1988.

KOUREHPAZ P, MILLER S A. Eco-efficient design indices for
reinforced concrete members[J]. Materials and Structures, 2019,
52(5):96.

JOSA A, AGUADO A, CARDIM A, et al. Comparative
analysis of the life cycle impact assessment of available cement
inventories in the EU[J]. Cement and Concrete Research, 2007,
37(5):781-788.

YANG D, FAN L, SHI F, et al. Comparative study of cement
manufacturing with different strength grades using the coupled
LCA and partial LCC methods—A case study in China [J].
Resources, Conservation and Recycling, 2017, 119:60-68.
BACATELO M, CAPUCHA F, FERRAO P, et al. Selection
of a CO, capture technology for the cement industry: An integrated
TEA and LCA methodological framework[J]. Journal of CO,
Utilization, 2023, 68:102375.

WANG S Y, JINL, FENGY, etal. A low carbon embedded

[16]

[17]

[18]

[20]

[21]

[23]

[24]

steel slag powder and microwave pre-curing : Experiments and life
cycle assessment(LLCA)[J]. Construction and Building Materials,
2023, 400:132778.

GURSEL A P, MARYMAN H, OSTERTAG C. A life-cycle
approach to environmental, mechanical, and durability properties
of "green" concrete mixes with rice husk ash[ J]. Journal of Cleaner
Production, 2016, 112:823-836.

o FE bR A B2 D2y . PR B AR A SR I SRS
FER : GB/T 24044—2008[ S]. L5T: b B AL, 2008.
Standardization Administration of the People’ s Republic of
China. Environmental management—Life cycle assessment—
Requirements and guidelines: GB/T 24044—2008[ S]. Beijing::
Standards Press of China, 2008.(in Chinese)

LIC, CUISP, NIEZR, etal. The LCA of Portland cement
production in China[J]. The International Journal of Life Cycle
Assessment, 2015, 20(1):117-127.

VIEIRA D R, CALMONJ L, COELHO F Z, et al. Life cycle
assessment(LCA) applied to the manufacturing of common and
ecological concrete: A review [J]. Construction and Building
Materials, 2016, 124:656-666.

CHEN C, HABERT G, BOUZIDI Y, et al. LCA allocation
procedure used as an incitative method for waste recycling: An
application to mineral additions in concrete [J]. Resources,
Conservation and Recycling, 2010, 54(12):1231-1240.
TEQRED, ak3%, R, AF A0 X IR BE b 1 1k e R i %
WRHERCI T[] AR SRR R4, 2023, 26(11):1151-1157, 1206.
WANG Baoyin, ZHANG Jie, XIONG Jinwei, et al. Influence
of waste stone powder on properties and carbon emissions of
concrete [ J]. Journal of Building Materials, 2023, 26 (11) :
1151-1157, 1206.(in Chinese)

DIX H, NIEZ R, YUAN B R, etal. Life cycle inventory for
electricity generation in China[J]. International Journal of Life
Cycle Assessment, 2007, 12(4):217-224.

H SR B 5 2 SRR TR ARIE . GB/ T 51366—
2019[S]. bt h AR E i ARAL, 2019,

Standardization Administration of the People’s Republic of China.
Standards for building carbon emission calculation : GB/T
51366 —2019[ S]. Beijing : Standards Press of China, 2019.(in
Chinese)

JrIEH . R EARME S R AT (D] A0 2 B R
2021.

FANG Zhengzhong. Analysis on axial bearing behavior of large
diameter piles[ D ]. Hefei: Anhui Jianzhu University, 2021.(in
Chinese)

BICF . A LB Tk B BT IM L Je st b [
ST HY AL, 2016.

LT Wenping. Optimization design method for building structure
and case analysis[ M |. Beijing: China Architecture and Building
Press, 2016.(in Chinese)



