Journal of the Korea Concrete Institute
@ Vol. 26, No. 1, pp. 13~21, February, 2014
http://dx.doi.org/10.4334/JKCI.2014.26.1.013

nzsifast 232Ee H 1pY FFEE Ojxl= =1t

gy " - Meot? -

237

VAR EAE - A% F e

ey ? - s

stw A%t adsn aEshy

Effect of Ground Granulated Blast-Furnace Slag on Life-Cycle
Environmental Impact of Concrete

Keun-Hyeok Yang,l)*

Eun-A Seo,z) Yeon-Back Jung,z)

and Sung-Ho Tae”

l)Dept. of Plant-Architectural Engineering, Kyonggi University, Suwon 443-760, Korea

“Dept. of Architectural Engineering, Kyonggi University Graduate School, Seoul 120-702, Korea

ISchool of Architecture & Architectural Engineering, Hanyang University, Ansan 426-791, Korea

ABSTRACT To quantitatively evaluate the influence of ground granulated blast-furnace slag (GGBS) as a supplementary
cementitious material on the life-cycle environmental impact of concrete, a comprehensive database including 3395 laboratory mixes

and 1263 plant mixes was analyzed. The life-cycle assesment studied for the environmental impact of concrete can be summarized as

follows: 1) the system boundary considered was from cradle to pre-construction; 2) Korea life-cycle inventories were primarily used

to assess the environmental loads in each phase of materials, transportation and production of concrete; and 3) the environmental

loads were quantitatively converted into environmental impact indicators through categorization, characterization, normalization and

weighting process. The life-cycle environmental impacts of concrete could be classified into three categories including global

warming, photochemical oxidant creation and abiotic resource depletion. Furthermore, these environmental impacts of concrete was
significantly governed by the unit content of ordinary portland cement (OPC) and decreased with the increase of the replacement
level of GGBS. As a result, simple equations to assess the environmental impact indicators could be formulated as a function of the

unit content of binder and replacement level of GGBS.
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Table 1 Summary of LCI DB used for assessing environmental loads of concrete

System boundary{ Cradle to gate

52
R
s 6:)]: i7] Studied system : Cradle to pre-construction
P& =71l

Emissions to air

Plant to site work

Fig. 1 Process flow diagram of concrete in studied system

. Inventory for each environmental load (kg/FU)

Item Ful?ctlonal Anthracite |Bituminous| Natural .

unit (FU)|  CO, Cco SOx NOx NH; ool ool aas Crude oil

OPC kg  |9.31E-01|8.90E-02|5.64E-04 | 1.03E-03 |4.36E-07 | 7.44E-03 | 1.80E-01 | 7.99E-03 | 2.42E-02

GGBS cement kg  |2.05E-01|1.64E-02|1.92E-04|5.13E-04 | 1.26E-07 | 1.37E-03 | 3.31E-02 | 2.43E-03 | 6.31E-03
GGBS" kg |2.65E-02| -  |8.36E-06|1.02E-06| - - - - -
Natural sand m’  |2.34E-03 |4.19E-06 | 9.49E-06 | 1.52E-05 |3.83E-08| - - - -
Gravel m’  [3.23E-03|4.52E-06 | 1.49E-05 | 1.64E-05|5.15E-08| - - - -

8.1-15 ton truck kg/km | 6.30E-05| 1.60E-13 |2.77E-08 | 8.63E-07 | 9.20E-12| 1.18E-07 | 5.99E-08 | 9.26E-07 | 2.11E-05

23.1-25 ton truck kg/km | 5.18E-05|5.32E-07 | 2.12E-08 | 5.69E-07 | 7.26E-12 | 9.29E-08 | 4.73E-08 | 7.31E-07 | 1.67E-05
Facilities at ready-mixed =y |7 6gp 03| - |3.42E-06|6.51805| - . : : :

concrete plant

Mixer (2.5 m’)" m’  |6.10E-04| - 1.95E-07|2.40E-07| - - - - -
Transit-mixer truck” | m’/km |6.60E-01|2.13E-03 |4.30E-08 |7.87E-03 | 1.06E-08 - - - -

WLCI data given in JSCE are referenced wherever Korean LCI database is unavailable.
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Table 2 Typical environmental loads of concrete according to the different replacement ratio of GGBS (fx = 30 MPa)

Re Unit weight (kg/FU) Amount of environmental loads (kg/FU)

(%)| Water| OPC |GGBS| Sand |Gravel A“tchor;‘“te B‘“‘C‘Ll:;ous Nagt;‘;a] C‘;‘fe CO, | CO | NOx | SOx | NH;
0 | 220 | 440 0 660 | 1025 | 3.35E+00 | 7.93E+01 |3.58E+00|1.39E+01 |4.56E+02|3.93E+01 | 2.62E-01 | 9.90E-01 | 6.51E-02
10| 220 | 396 44 659 | 1023 | 3.02E+00 | 7.14E+01 |3.23E+00|1.28E+01 |4.17E+02|3.53E+01 | 2.37E-01 | 1.00E+00 | 6.66E-02
20| 220 | 352 88 658 | 1022 | 2.69E+00 | 6.35E+01 |2.88E+00|1.18E+01|3.77E+02|3.14E+01 | 2.13E-01 | 9.58E-01 | 6.80E-02
30 220 | 308 | 132 | 657 | 1020 | 2.37E+00 | 5.56E+01 |2.53E+00|1.08E+01|3.37E+02|2.75E+01| 1.88E-01 | 9.15E-01 | 6.95E-02
40| 220 | 264 | 176 | 656 | 1019 | 2.04E+00 | 4.76E+01 |2.18E+00|9.77E+00|2.98E+02|2.36E+01 | 1.64E-01 | 8.71E-01 | 7.09E-02
50 220 | 220 | 220 | 655 | 1017 | 1.71E+00 | 3.97E+01 |1.83E+00|8.75E+00|2.58E+02|1.96E+01| 1.40E-01 | 8.27E-01 | 7.23E-02

Note) For calculating each environmental load of concrete in studied system (Fig. 1), the following transport system was
assumed: all of the cementitious materials are transported by a 23 ton capacity hydraulic truck, while aggregates are by
a 15 ton capacity dump truck; and the fresh concrete produced from the plant is transported to a building site by a 6 m’
capacity transit-mixer truck. Water drawn from Han-river is assumed to be used for concrete mix.

Table 3 Impact category and relevant factors to assess the environmental impact

10)

Impact category |Inventory parameter| Characterization factor eqv;; | Normalizatioin reference N;| Weighting factor w;
Anthracite coal 4.61E-03 /yr
ioti Bituminous coal 4.61E-03 /yr
Abiotic resource Y 2 49E+04 g/pr-yr2 0231
depletion Natural gas 1.671E-02 /yr
Crude oil 2.48E-02 /yr
Global warming CO, 1.00E+00g CO»-eq/g 5.53E+06 g CO»-eq/pr-yr 0.288
CO 2.70E+02g C,Hs-eq/g
Photochemical
oxidant creation SOx 2.80E-02g C,Hs-eq/g 1.03E+04 g C,Hy-eq/pr-yr 0.065
NOx 4.80E-02g C,Hs-eq/g
SOx 1.00E+00g SO,-eq/g
Acidification NOx 7.00E-01g SO-eq/g 3.98E+04 g SO»-eq/pr-yr 0.036
NH;3; 1.88E+00g SO»-eq/g
o NOx 1.30E-01g PO4 -eq/g A
Eutrophication 3 1.31E+04 g PO4 " -eq/pr-yr 0.038
NH;3 3.50E-01g PO4 -eq/g
. SOx 9.60E-02g 1.4DCB-eq/g
Human toxicity 1.48E+06 g 1.4DCB-eq/pr-yr 0.105
NOx 1.20E+00g 1.4DCB-eq/g

Note) pr = person, yr = year
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Fig. 2 Distribution of main parameters in the database
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