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ABSTRAK

Sektor konstruksi merupakan penyumbang emisi karbon yang signifikan, sehingga
embodied carbon perlu diperhitungkan dalam perencanaan struktur. Pada beton
bertulang, pemilihan mutu memengaruhi faktor emisi material sekaligus dimensi
elemen, namun pengaruh gabungannya terhadap karbon dan biaya belum banyak
dikuantifikasi di Indonesia. Penelitian ini merencanakan ulang struktur Gedung
Unit C.3 Mess TKA PT. Formosa Bag Indonesia pada tiga variasi mutu beton (f'c
25, 30, dan 35 MPa) bersistem SRPMK dengan integrasi BIM 5D. Analisis struktur
menggunakan ETABS sesuai SNI 2847-2019, SNI 1727-2020, dan SNI 1726-2019;
pemodelan, quantity take-off, serta integrasi biaya-waktu menggunakan Autodesk
Revit, Microsoft Project, dan Navisworks. Kuantifikasi embodied carbon
mengikuti kerangka life cycle assessment (ISO 14040) dengan batas sistem cradle-
to-gate (modul A1-A3, BS EN 15978) dan faktor emisi dari basis data ICE. Ketiga
skenario memenuhi persyaratan SNI. Kenaikan mutu tidak menurunkan karbon
secara monoton: transisi f'c 25 ke 30 MPa menaikkan karbon beton karena kenaikan
faktor emisi melampaui penurunan volume, sedangkan f'c¢ 35 MPa dengan
substitusi fly ash 102 kg/m3 menghasilkan embodied carbon terendah (635.218,747
kgCO2e; 8,018% lebih rendah) sekaligus biaya struktur terendah (6,733% lebih
rendah), terutama melalui optimasi dimensi. Penelitian menyarankan penempatan
embodied carbon sebagai kriteria desain sejak tahap awal.

Kata Kunci: embodied carbon, life cycle assessment, BIM 5D, variasi mutu beton,
optimasi dimensi, SRPMK



ABSTRACT

The construction sector is a major carbon emitter, making embodied carbon (EC)
a critical consideration in structural design. In reinforced concrete, grade selection
affects both the material emission factor and element dimensions, yet its combined
effect on carbon and cost remains underquantified in Indonesia. This study
redesigned the Unit C.3 Mess TKA PT. Formosa Bag Indonesia building across
three concrete grades (f'c 25, 30, and 35 MPa) using a Special Moment Resisting
Frame System with 5D BIM integration. Structural analysis used ETABS per SNI
2847-2019, SNI 1727-2020, and SNI 1726-2019; modeling, quantity take-off, and
schedule-cost integration used Autodesk Revit, Microsoft Project, and Navisworks.
Embodied carbon quantification followed the life cycle assessment framework (1SO
14040) within a cradle-to-gate boundary (modules A1-A3, BS EN 15978), with
emission factors from the ICE database. All three scenarios met code requirements.
Higher grade did not monotonically reduce carbon: the f'c 25-t0-30 MPa transition
raised concrete carbon as the emission factor rise outweighed volume reduction,
while f'c 35 MPa with 102 kg/m? fly ash substitution yielded the lowest embodied
carbon (635,218.747 kgCO:e; 8.018% lower) and lowest structural cost (6.733%
lower), mainly via dimensional optimization. Findings support embedding
embodied carbon as a design criterion early in structural planning.

Keywords: embodied carbon, life cycle assessment, BIM 5D, concrete grade
variation, dimension optimization, special moment resisting frame
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