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The objective of this study is to present the design approach of low CO, concrete structures for reduction of CO, emissions. The design
approach was implemented considering the system boundary for each processing presented in the ISO 13315-2. As for life-cycle
inventory(LCl) for CO, assessment of concrete structures, data provided from domestic LCI DB was used. Based on the process
presented in this study, case studies on the life-cycle CO, assessment of shear wall concrete structure was conducted. As substitution
level of GGBS is 25%, the amount of CO, emissions and CO, uptake by concrete carbonation was decreased in the material, demolition
and crushing, and transport phase. The amount of CO, emissions of column and total member was decreased by 26% and 22%

respectively, compared to that of OPC.
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Fig. 1. Concrete structural design process for targeted CO, reduction
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Fig. 2. Details of process A given in Fig. 1
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Fig. 3. Details of process B given in Fig. 1

SH BAIEY MY uet Z32E FRE9| @A Eit

HE32E0| I o HBE A0 CO, HiES
SAYSS BIISICL 722 SHHEA0IMG CO; HiE2
HEANCHRIZ |, Aol 2 sHEs|e) RF % X

S 0/85101 MEE 4 UCH FHHFHIE 7|, FYA ¢
geeo|3 o H4R 50| naE 4 AUt OIS |
OLiXIZEE Z32|E SHHIS /5t CO, FTHPl= 6,61 COkg/m’

olct.

2.1.6 Reference BuildingZ} H|m Tt

ME

=

[

Z32[EQ| HMupy CO,

Input data during use phase

1} Details of concrete structures

- Mixing proportions of concrete
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- Absorbable CO; amount
- Diffusion coefficient of CO,

.
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Fig. 4. Details of process C given in Fig. 1

Input data during recycling phase
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Fig. 5. Details of process D given in Fig. 1
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Table 1. Material property
Type Name f (MPa) f, (MPa)
beam 400
slab 400
CASE 1 24
column 400
wall 400
beam 24 400
slab 24 400
CASE 2
column 40 400
wall 40 400
Table 2. mixing conditions
Binder f Unit weight (kg/m’)
type * Water | OPC | GGBS Sand | Gravel
OPC |24 MPa| 179 348 - 867 923
OPC+ 87
GGBS 24 MPa| 179 261 (25%) 865 921
OPC |40 MPa| 200 571 - 575 985
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Fig. 6. Structural plan view of the concrete structure
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Fig. 7. Cross-sectional view of the concrete structure
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Table 3. CO, assessment procedure of RC structures (f, = 24 MPa, GGBS 25%)

Material phase

Concrete constituent Transportation(gate to ready-mixed concrete plant)
Unit A B C D = AB-C E F G = A'BEF
Volume (m’) kg/m’ CO-kg/kg CO,-kg Distance (km) CO,-kg/kg km COx-kg
OPC 261 9.31E-01 143365 277 5.92E-07 25
GGBS 87 2.65E-02 1360 339 5.92E-07 10
Sand 590 865 2.34E-03 1194 47 1.14E-06 27
Coarse 921 3.23E-03 1755 37.6 1.14E-06 23
Water 179 1.12E-04 12 - - -
Sum 147686 Sum 36
Unit Reinforcing bar Transportation(gate to construction site)
A B C=AB D E F=ADE
Type Weight (kg) CO»-kg/kg COs-kg km CO»-kg/kg-km COs-kg
D22 114100 8.52E-02 9721 380 1.14E-06 49
Production (Fresh concrete) phase
Batching and mixing Transportation (concrete plant to construction site)
Unit A B C=AB D E F=ADE
Volume (m’) CO,-kg/m’ COy-kg km CO,-kg/m’-km COy-kg
Facilities 590 0.71 419 30 2.62E-03 46
Casting phase
. A B C=AB
Unit 3 3
Volume (m’) COx-kg/m COx-kg
Pufl’lp car 590 6.2 3658 -
Vibrator 0.18 106
Sum 3764
Use phase of structure
A B C D E F G = DEF
Service life Type Finishing material | Exposed surface area (m?| aCo, (g/cms) xc (cm) CO, uptake (kg)
40 years Indoor Paint 3028 0.09 3.287 -9157
Demolition and crushing phases
Concrete Transportation (building site to crushing plant)
Unit A B C=AB D E F G = ADEF
Volume (m’) | CO-kg/m’ CO,-kg kg/m’ km | COxkgkgkm COx-kg
Hydrodynamic Backhoe+Breaker 590 6.61 3900 2300 50 1.14E-06 77
Sprinkler truck 11.41 6732
Sum 10632 i
Recycling phase
Transportation (crushing plant to application site)
A B C D E F G H |I =CFGH ] K L M = CIKL
. . Volume| Portion| da | Exposed surface | aCO; xc | CO, uptake 3
Life | Activity |0 SO fr ()| (@em) | em) N gp) kg/m km |COrkgkgkm| COrkg
Embank- 31 | 25 321 05| -8523 713 24
ment
Road base 10 | 20 12.9 025 | -1712 230 8
layer
Sub load
20 base layer| 590 33 25 34.2 0.09 0.5 -9080 739 50 1.14E-06 26
years Secondary
5 2.5 51.8 0087 -2393 115 4
product
New 4 |15 6.9 048 |  -1759 92 3
concrete
Back filler 17 25 17.6 0.5 -4673 391 13
Sum -28140 Sum 77

Total= 135263 CO,-kg
[= 162788 (Emission due to concrete) + 9771 (Emission due to re-bar) - 37296 (Uptake due to carbornation)|
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Table 4. Comparison of CO, emissions of concrete structure

" 0
Member |24 MP(aC (()ifgs 0%)| 24 MP?C(OCii]Z)S 25%) | patio
Column 182219 135263 0.74

Wall 118438 86930 0.73
Beam 428183 338229 0.79
Slab 611638 490227 0.80
Total 1340478 1050649 0.78
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