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ABSTRAK

Tingginya kebutuhan akan material konstruksi yang tahan api dan ramah
lingkungan mendorong pemanfaatan beton geopolimer sebagai alternatif beton
konvensional. Beton geopolimer tidak menggunakan semen portland, melainkan
memanfaatkan limbah industri seperti fly ash, perlite, dan silica fume, karena
memiliki dampak yang berkelanjutan dan mampu bertahan terhadap temperatur
tinggi (900°C). Penelitian ini bertujuan untuk menganalisis pengaruh variasi
komposisi 75% fly ash dengan perubahan persentase perlite dan silica fume
terhadap kuat tekan, kristalinitas, serta perubahan struktur senyawa utama dalam
beton geopolimer, pada kondisi sebelum maupun sesudah dibakar pada suhu 900°C
selama dua jam. Metode yang digunakan meliputi pengujian kuat tekan untuk
menilai performa mekanik, serta uji X-Ray Diffraction (XRD) untuk mengetahui

kristalinitas dan struktur kimia dari masing-masing komposisi.

Penelitian dilakukan terhadap lima variasi komposisi dengan total sepuluh
sampel, yang sebelumnya direndam selama 28 hari. Hasil menunjukkan bahwa
komposisi terbaik terdapat pada campuran 75% fly ash dan 25% perlite tanpa
tambahan silica fume (Komposisi 5). Komposisi ini mengalami peningkatan kuat
tekan sebesar 1,44 MPa setelah dibakar, meskipun kristalinitasnya menurun sebesar
18,9%. Penurunan kristalinitas ini tidak mengurangi performa mekanik karena
didukung oleh kestabilan struktur kimia, terutama peningkatan kandungan ALOs
sebesar 20,9% dan hanya sedikit penurunan kadar SiO. (-12,1%). Sebaliknya,
komposisi dengan silica fume atau rasio oksida yang tidak seimbang menunjukkan
penurunan kuat tekan, meskipun kristalinitas meningkat. Hal ini menandakan
bahwa kekuatan dan ketahanan api beton geopolimer lebih bergantung pada
keseimbangan dan kestabilan senyawa kimia seperti SiO2 dan Al.Os, dibandingkan
kristalinitas semata. Dengan demikian, penelitian ini menegaskan pentingnya
pengaturan komposisi material dalam menghasilkan beton geopolimer yang

optimal secara struktural dan fungsional sebagai material tahan api.

Kata Kunci: perlindungan api pasif, beton geopolimer, kristalinitas, kuat tekan, X-
Ray Diffraction.
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ABSTRACT

The high demand for fire-resistant and environmentally friendly construction
materials encourages the use of geopolymer concrete as an alternative to
conventional concrete. Geopolymer concrete does not use portland cement, but
instead utilizes industrial waste such as fly ash, perlite, and silica fume, because it
has a sustainable impact and is able to withstand high temperatures (900°C). This
study aims to analyze the effect of variations in the composition of 75% fly ash with
changes in the percentage of perlite and silica fume on compressive strength,
crystallinity, and changes in the structure of the main compounds in geopolymer
concrete, in conditions before and after being ignited at a temperature of 900°C for
two hours. The methods used include compressive strength testing to assess
mechanical performance, as well as X-Ray Diffraction (XRD) testing to determine

the crystallinity and chemical structure of each composition.

The study was conducted on five composition variations with a total of ten
samples, which were previously soaked for 28 days. The results showed that the
best composition was a mixture of 75% fly ash and 25% perlite without the addition
of silica fume (Composition 5). This composition experienced an increase in
compressive strength of 1.44 MPa after being burned, although its crystallinity
decreased by 18.9%. This decrease in crystallinity did not reduce mechanical
performance because it was supported by the stability of the chemical structure,
especially the increase in Al:Os content by 20.9% and only a slight decrease in SiO:
content (—12.1%). In contrast, the composition with silica fume or an unbalanced
oxide ratio showed a decrease in compressive strength, although crystallinity
increased. This indicates that the strength and fire resistance of geopolymer
concrete depend more on the balance and stability of chemical compounds such as
SiO: and Al:Os, rather than crystallinity alone. Thus, this study emphasizes the
importance of regulating the composition of materials in producing structurally

and functionally optimal geopolymer concrete as a fire-resistant material.

Keywords: passive fire protection, geopolymer concrete, crystallinity, compressive
strength, X-Ray Diffraction.
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