J. Comput. Struct. Eng. Inst. Korea, 30(3)
pp.265~274, June, 2017
https://doi.org/10.7734/COSEIK.2017.30.3.265

pPISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

A7

XKt EHEE 0|8et 82 =32 E 7[S9
LHXHO| L K] S Of&t=tEra HiE = H=) oY
g sz az -2y

'AAdetn EESR3E, 0T FHEE/EDTE, BAQENL BEH

Optimization Analysis for Embodied Energy and CO2 Emission in
Reinforced Concrete Column Using Sustainable Design Method

Kyeong-Hwan Kim', DongHun Yeo”, Sang-Ho Lee' and Young-Cheol Yoon™

]School of Civil & Environmental Engineering, Yonsei Univ., Seoul, 03722, Korea
2Na'tional Institute of Standard and Technology, Gaithersburg, MD 205899, USA
'fDepartment of Civil Engineering, Myongji College, Seoul, 03656, Korea

Abstract

This study presents a sustainable design method to optimize the embodied energy and CO. emission complying with the design
code for reinforced concrete column. The sustainable design method effectively achieves the minimization of the environmental load
and energy consumption whereas the conventional design method has been mostly focused on the cost saving. Failure of reinforced
concrete column exhibits compressive or tensile failure mode against an external force such as flexure and compression; thus,
optimization analyses are conducted for both failure modes. For the given sections and reinforcement ratios, the optimized sections
are determined by optimizing cost, embodied energy, and CO; emission and various aspects of the sections are thoroughly
investigated. The optimization analysis results show that 25% embodied energy and 55% CO. emission can be approximately reduced
by 10% increase in cost. In particular, the embodied energy and CO-. emission were more effectively reduced in the tensile failure
mode rather than in the compressive failure mode. Consequently, it was proved that the sustainable design method effectively
implements the concept of sustainable development in the design of reinforced concrete structure by optimizing embodied energy
consumption and CO; emission.

Keywords : reinforced concrete column, cost, embodied energy, CO2 emission, optimization analysis, sustainable
design method
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Table 1 Design variables and their ranges

Variables Ranges
Width 300mm < b <800mm
Height 300mm < h <800mm
Reinforcement ratio 0.01<p=<0.04

Table 2 Design parameters

Parameters Values
Factored moment and axial | M, =220kN - m, P, =4000kN
force for Load Case 1 (e,=0.05m)
Factored moment and axial | 7, =540kN - m, P, =1700kN
force for Load Case 2 (e,=0.32m)

Factored moment and axial | M,;=500kN - m, P,=500kN

force for Load Case 3 (e;=1.00m)
Young's Modulus of steel E, =9x10°MPa
Specific mass of steel pS:"/'SBOkg/m3

Concrete cover d,=65mm

(including radius of bar)
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Fig. 1 Load cases depicted in column interaction
diagram for the optimization analysis
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Fig. 2 Reinforced concrete column sections for
optimization analysis
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Table 3 Design parameters of concrete and reinforcement steel for definition of the objective functions

Category Concrete Reinforcement steel
G fo—slump / f,~diameter 25-24-120 SD400-D16
Cost(Nara market, 2016) 61,920 W (KRW)/m? 592.24 $(KRW)/kg
Embodied energy(CBPR, 2003) 3282 MJ/m® 8.9 MJ/kg
CO2 emission(Ministry of Land, Transport and Maritime Affairs, 2011) 421.09 kgCOs/m’ 0.41 kgCOo/kg
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Fig. 3 Optimization analysis results by Load Case 1
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Fig. 4 Optimization analysis results by Load Case 2 involving a balanced condition
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Fig. 5 Optimization analysis results by Load Case 3 involving a tensile failure(yielding of steel)
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Fig. 6 Regularized objective function responses with respect to the optimized sections for square cross section
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