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Life Cycle Assessment and Cost Analysis of ECC Pavement Overlay

XIONG Xiaoli YANG Zhengxian LUO Shengyang LIN Jiafu DONG Shilin
( Fujian Provincial University Research Center for Advanced Civil Engineering Materials
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Abstract: Compared with normal rigid concrete pavement overlay the overlay constructed with ultra-high ductile
engineered cementitious composites ( ECC) has a longer service life. Life cycle assessment and cost analysis of overlayer
made of six typical ECC materials were carried out. The results show that although ECC overlays do not have shortterm
advantages in terms of environmental impact and cost their long-term environmental impact and cost are significantly lower
than those of normal rigid concrete overlay due to their exceptionally long service life and lower maintenance frequency.
Compared with normal rigid concrete overlay ECC overlays with supplementary cementitious materials ( fly ash or ground
granulated blast furnace slag) and environmentally friendly fibers ( polypropylene fiber or basalt fiber) reduce the global
warming potential by 63.2% ~ 68.5% within a life cycle while their costs only account for 9.6% ~23.3% of normal
concrete overlay.
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ECC .
LCA . .
1 ( CREF) . ECC( ECC-REF) ECC o (
M CJJ 37—2012)
30 4.5 MPa ECC . C-REF
C30 7 . ECCREF SCM  PVAF ECC Y
ECC ( FAPEF.FA-PVAF.GGBFS-PVAF.FA-PVAF-BF FA-PPF) ECC
1 ECC

Table 1 Mix proportion of C-REF and ECC pavement overlay

Mix proportion/( kg * m ~3)

Sample

Cement FA GGBFS PEF PVAF PPF BF SCS RS CA Water SP HPMC
C-REF 348.3  — — — — — — — 654.4 1212.2 188.1 — —
ECC-REF ° 838 — — — 26 — — 838 — — 366 17 1.26
FA-PEF '° 820 205 — 26 — — — 656 — — 379 3.3 —
FA-PVAF ° 571 685 — — 26 — — 455 — — 153 4.9 —
GGBFS-PVAF ! 491 — 736 — 26 — — 446 — — 326 16 —
FA-PVAF-BF 2 571 685 — — 6.3 — 19.7 455 — — 331 4.95 —
FA-PPF 3 480 720 — — — 26 — 600 — — 360  11.3  —
1.2
( 50 km/h)
1 km. 30 m o Qian '° ECC
65 mm 40 20 (CJJ 37—2012)
ECC 40 . 20
o ( M CJJ 169—2012)
CREF 210 mm. ECC
Smith 20 100 mmo, ECC
100 mmo, 2 o CJJ 37—2012
2
Fig.2 Cross section of two types of pavement
2
2.1
Ecoinvent 3 ( cement) ( GGBFS) .

(SCS) . (river sand RS) . (CA) . (water) . (SP) . ( HPMC)
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( PPF) , ( EPDs) FA
" 1tFA 9.3 kWh * o
10 kmo ( polyvinyl alcohol PVA) o Jungbluth
2 PVA (life cycle inventory analysis) PVA
PVAF. Akbar * PVA PVAF . BF
o Akbar 2
BF o ECC CREF
2 o
2
Table 2 Inventory of raw material acquisition stage
. Mix proportion/kg
Sample
Cement FA  GGBFS PEF  PVAF  PPF BF SCS RS CA Water SP HPMC
CREF ¥ 2.19 x . . - . . . _ 412x T.64x 1.19x - .
’ 10° 10° 10° 10°
2.51 x 7.80 x 2.51 x 1.10x 5.10x 3.78 x
9 R N . R . R
ECCREF 106 10* 106 106 104 10°
FALPEF 10 2.46x  6.15x% 7.8 x . -  L97x - _ Ll4x 9.90x
) 10° 10° 10* 10° 10° 103
1.71 x  2.06 x 7.80 x 1.37 x 4.59x 1.47x
7 9 J— — _ J— J— — N
FAPVAF 100 10° 10* 106 105 10
1.47 x 2.21 % 7.80 x 1.34 x 9.78 x  4.80 x
o 5) o 11 J— N — N — J—
GGBFSPVAK 10° 10° 10* 10° 10° 10*
1.71 x  2.06 x 1.89 x 5.91x 1.37x 9.93x 1.49x
12 R J— N — — N
FA-PVAF-BE 10° 100 10* 10* 100 105 10
1.44x  2.16 x 7.80 x 1.80 x 1.08x 3.39 x
5 13 S — N —
FAPPE 10° 10° 10* 10° 10° 10*
2.2
100 kmo 3,
o o ECC
o << ( )
) W JTG/T 3832—2018) . { Y JTG/T 3833—2018)
4 o ECC
ECCREF o
3
Table 3 Inventory of transportation by truck
Item C-REF ECC-REF FA-PEF FA-PVAF GGBFSPVAF  FA-PVAF-BF FA-PPF
Unit/( kg * km) 1.51 x10° 6.26 x10® 6.27 x 10% 5.68 x 108 6.12 x 108 6.22 x10% 6.59 x10®
4
Table 4 Inventory of construction stage
Material C-REF ECC
Diesel mass/kg 8.93 x 10° 3.72 x10?
Electricity/kWh 1.80 x 10* 2.60 x 10°
2.3
CREF ECC o Qian 16
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( 3) 40
ECC
o CREF 11 33
22 o
23
24 mm C30
- C-REF *
° 3 ECC
ECC 23 16
- ECCREF 25 Fig.3 Timeline distress index and maintenance schedule
ECC ECC for normal rigid concrete and ECC overlay '
o ECC 5 m
100 m 25 kg o 5
LCI. ECC ECCREF o
5
Table 5 Inventory of maintenance stage
Material CREF ECCREF
Epoxy resin mass/kg 1.40 x10* 3.60 x 10°
(30 mass/kg 1.73 x10° —
*Transportation/( kg * km) 4.36 x 107 9.02 x10*
Diesel mass/kg 3.28 x10° —
Note: *Transportation by truck.
3
( life cycle impact assessment LCIA) ReCiPe
4 . ReCiPe 2 ( GWP) 3 .
( human health) N ( ecosystems) ( resources) o

( disability adjusted life years DALYs)

( loss of species in a year species. year)

o (%) * . ReCiPe
o (1) .
RL™ =RL] x RN, x RW, (1)
:RL™ j RLS RN, RW,
3.1 ReCiPe
( global warming potential GWP)  ReCiPe . GWP
co, CO,eqo 5 GWP o
ECCREF GWP 3.3 kit CO, eq CREF  GWP(2.2 kt CO, eq)
ECC GWP FA-PPF GWP( 1.7 kt CO, eq)
CREF GWP 77.3%. GWP

o CREF GWP GWP 92.3% . ECCREF GWP
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70% s SCM GWP o SCM ECC
GWP 56.7% ~84.4% . GWP PVAF > PEF > PPF > BF
PPF  BF GWP FAPPF FA-PVAFBF GWP 10.9% 4.3%.
4  ReCiPe

Fig.4 Model of ReCiPe method

6 CREF ECC GWP . C-REF 22
( 3) GWP 40 ECC .
C-REF ECC GWP .
# o ECC o
ECC-REF (PPF  BF) ECC  GWP . FA-PEF.
FA-PVAF.GGBFS-PVAF.FA-PVAF-BF  FA-PPF 40 GWP 2.80.2.64.2.56.
2.09 1.79 kt CO, eq CREF GWP  49.3% \46.5% 45. 1% 36.8%  31.5% .
ECC o
5 ECC 6 ECC
Fig.5 GWP of C-REF and ECC overlay at raw Fig.6 GWP of C-REF and ECC overlay within life cycle

material acquisition stage
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3.2 ReCijPe
3.2.1

SimaPro 9.0  ReCiPe ( (1)

7 o : N ECCREF
CREF 1.61 .1.60 3.08 PVAF,
GWP SCM (PPF  BF) FA-PVAF-BF
FA-PPF CREF CREF o
7 ECC
Fig.7 End point damage of C-REF and ECC overlay at raw material acquisition stage
86% PVAF. Radwan
. PVAF
- PVAF o

PVAF  PEF BF  PPF o ECC

PVAF 90% o ECC
PVAF o

3.2.2

6 CREF ECC . ECC

ECC

CREF. ECCREF N CREF
62.1% .61.9% 58.0% - SCM ECC
ECCREF FA-PPF ECCREF o FA-PVAF
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N CREF 49.0% \48.7% 51.8% GGBFS-PVAF N
CREF  51.3% \48.7% 52.5% FA  GGBFS
0 FA-PVAFBF.FAPPF.FAPEF.FAPVAF BF
PVAF o BF > PPF > PEF > PVAF.
6 ECC
Table 6 End point damage of C-REF and ECC overlay within life cycle
Category CREF ECC-REF FA-PEF FA-PVAF  GGBFS-PVAF FA-PVAF-BF FA-PPF
Human health/DALYs 9.20 5.71 4.27 4.51 4.72 3.30 2.80
Normalized result /% 100.0 62.1 46.4 49.0 51.3 35.9 30.4
Ecosystems damage/species. year  2.20x1072  1.36x107%  7.99x107* 1.07x107% 1.07x107% 7.94x107% 6.70x107?
Normalized result/% 100.0 61.9 36.3 48.7 48.7 36.1 30.5
Resources damage/ $ 4.36 x10° 2.53 x10° 1.48 x10° 2.26 x10° 2.29 x10° 1.14 x10° 1.26 x10°
Normalized result/% 100.0 58.0 33.9 51.8 52.5 26.1 28.9
ECC SCM
ECC o BF
PPF PEF  PVAF o
4
2023 7 o
800 /t. ECC 8 o
FA-PEF C-REF PEF (
7) PVAF ECC( ECCREF.FA-PVAF GGBFS-PVAF) CREF
o FA-PVAFBF FA-PPF C-REF 69.2%
24.2% . ECC o 40 CREF
o ECC ECC
CREF 9.6% ~63.1% .
7 ECC
Table 7 Market price of raw materials for CREF and ECC overlay
Material Price/( $ *t7') Material Price/( $ *t7") Material Price/( $ =t7")
OPC 75 PEF 23 012 HPMC 6 400
FA 36 PVAF 10 629 €30 69
GGBFS 34 PPF 3528 Epoxy resin 2 008
SCS 22 BF 4 940 Diesel 1 053
Water 0.8 SP 7 100
0.07$ «kWh™',
8 ECC
Table 8 Cost comparison of C-REF and ECC overlay
Stage C-REF ECC-REF FA-PEF FA-PVAF GGBFS-PVAF  FA-PVAF-BF FA-PPF
Raw material price/ $ 1.05 x 10° 1.07 x10° 2.11 x10° 1.06 x 10° 1.04 x10° 7.27 x10° 2.54 x10°
Life cycle price/ § 3.47 x10° 1.15 x10° 2.19 x10° 1.14 x10° 1.12 x10° 8.07 x 10° 3.34 x10°
5
1) ECC C30 o ECCREF GWP
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CREF 1.5 . PVAF ECCREF GWP PVAF  GWP
GWP 94.8% . PEF  GWP PVAF FA-PEF GWP  ECCREF
19% . N -PPF  BF ECC GWP FA-PVAF-BF
FA-PPF GWP ECCREF 60.6% 51.5% - GWP
2) (40 ) ECC ECC GWP
CREF, ECCREF GWP CREF  60.6% N
CREF 62.1% 61.9% 58.0% - ECC
ECC CREF 9.6% ~
63.1%
3) ECC o
ECC o
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