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COMPRATIVE BLAST PERFORMANCE OF VARIOUS GLASS TYPES UNDER 

FRIEDLANDER LOADING FOR BUILDING FACADES 

M Alhadi Fadlurrhaman 

ABSTRACT 

 

The use of glass as a building facade element has significantly increased along with the 

development of modern architecture. However, glass is a brittle material and is vulnerable 

to extreme dynamic loads such as blast loads. This study aims to analyze and compare the 

performance of Monolithic Glass, Laminated Glass, and Insulated Glass under blast loading 

with a Friedlander pressure profile for facade applications. The analysis was carried out 

using a Python-based numerical approach through PyCharm 2025.2.4 software. The study 

considered variations in glass thickness of 5 mm, 6 mm, 10 mm, and 12 mm, as well as blast 

charge weights of 5 kg, 10 kg, and 20 kg TNT. The evaluation parameters included 

maximum deflection and maximum stress. The results indicate that increasing the blast load 

significantly increases both maximum deflection and maximum stress for all types of glass. 

Conversely, increasing the glass thickness significantly reduces deformation response and 

internal stress, with stress reductions ranging from 47.4% to 52.5% and deflection reductions 

from 47.2% to 59.7%. For equal thickness comparisons, Insulated Glass demonstrated the 

best performance, achieving up to 25.33% reduction in maximum stress and 35.26% 

reduction in deflection compared to Monolithic Glass. Furthermore, all thick glass 

specimens satisfied the safety limits specified in UFC 3-340-02 (< 80 MPa) and ASTM 

E1300 (< 25 mm), indicating compliance with structural safety requirements. In general, the 

multilayer configuration of Laminated Glass and Insulated Glass provides higher stiffness 

and better energy dissipation capacity than Monolithic Glass. Therefore, these two glass 

types are more recommended for facade applications in areas with a high risk of blast threats. 

 

Keywords: Glass facade, Friedlander blast load, Numerical analysis, Maximum deflection, 

Maximum stress, Glass thickness. 
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ANALISIS PERBANDINGAN KINERJA KACA LAMINASI, KACA MONOLITIK, 

DAN KACA INSULASI TERHADAP BEBAN LEDAKAN FRIEDLANDER PADA 

PENGAPLIKASIAN FASAD BANGUNAN 

 M Alhadi Fadlurrahman 

ABSTRAK 

 

Penggunaan kaca sebagai elemen fasad bangunan semakin meningkat seiring dengan 

perkembangan arsitektur modern. Namun, kaca memiliki sifat getas dan rentan terhadap 

beban dinamis ekstrem seperti beban pada ledakan. Penelitian ini bertujuan untuk 

menganalisis dan membandingkan kinerja Monolithic Glass, Laminated Glass, dan 

Insulated Glass terhadap beban ledakan dengan profil tekanan friedlander pada aplikasi 

fasad bangunan. Analisis dilakukan menggunakan pendekatan numerik berbasis Python 

melalui software Pycharm 2025.2.4, dengan mempertimbangkan variasi ketebalan kaca 5 

mm, 6 mm, 10 mm, dan 12 m serta variasi beban ledakan 5 kg, 10 kg, dan 20 kg TNT. 

Parameter evaluasi yang digunakan meliputi defleksi meksimum dan tegangan maksimum 

(Stress). Hasil penelitian ini menunjukan bahwa peningkatan beban ledakan secara 

signifikan meningkatkan nilai defleksi dan tegangan maksimum pada seluruh jenis kaca. 

Sebaliknya, peningkatan ketebalan kaca terbukti mampu menurunkan respons deformasi dan 

tegangan internal secara signifikan. Dengan persentase penurunan tegangan berkisar antara 

47,4%-52,5% dan penurunan defleksi sebesar 47,2%-59,7%. Pada perbandingan ketebalan 

yang sama, Insulated Glass  menunjukan kinerja paling optimal dengan reduksi tegangan 

maksimum hingga 25,33% dan penurunan defleksi sebesar 35,26% dibandingkan 

Monolithic Glass. Selain itu, seluruh spesimen kategori tebal memenuhi batas aman standar 

UFC 3-340-02 (<80 Mpa) dan ASTM E1300 (<25 mm), sehingga masuk dalan zona aman 

terhadap resiko kegagalan struktur. Secara umum, konfigurasi multilayer pada Laminated 

Glass dan Insulated Glass memberikan peningkatan kekakuan serta kemampuan dispasi 

energi yang lebih baik dibandingkan Monolithic Glass. Oleh karena itu, kedua jenis kaca 

tersebut lebih direkomendasikan untuk aplikasi fasad bangunan pada kawasan yang beresiko 

tinggi terhadap ancaman ledakan.  

 

Kata Kunci: Fasad kaca, Ledakan Friedlander, Analisis numerik, Defleksi tegangan 

maksimum, Ketebalan kaca  
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