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ANALISIS NUMERIK PERBANDINGAN KAPASITAS KACA MONOLITIK DAN
KACA LAMINASI PADA BALUSTRADE KACA BANGUNAN PUBLIK
TERHADAP SOFT BODY IMPACT

Nisa Rahmaa Azizah

ABSTRAK
Penelitian ini membandingkan kaca monolitik dan kaca laminasi PVB pada sistem
balustrade kaca bangunan publik terhadap pembebanan soft body impact. Penelitian
bertujuan untuk menganalisis dan membandingkan respons struktur kedua jenis kaca
berdasarkan tegangan maksimum, lendutan maksimum, faktor keamanan, serta pengaruh
variasi susunan dan jumlah lubang sambungan point-fixed. Analisis dilakukan menggunakan
model analitis numerik tereduksi berbasis sistem kontak dua derajat kebebasan, dengan
pengimpak ban ganda EN 12600 bermassa 50 kg dan panel kaca dimodelkan sebagai sistem
satu derajat kebebasan yang diselesaikan menggunakan metode integrasi numerik
Newmark-p. Kekakuan kaca laminasi diperhitungkan menggunakan pendekatan tebal efektif
Wolfel Bennison sesuai EN 16612:2019, sedangkan distribusi lendutan dan tegangan
dihitung menggunakan teori balok Euler Bernoulli dan konsentrasi tegangan di sekitar
lubang dianalisis menggunakan solusi Kirsch. Hasil penelitian menunjukkan bahwa pada
tebal kaca total yang setara dan pembebanan soft body impact dari tinggi jatuh 450 mm, kaca
laminasi PVB menghasilkan lendutan yang relatif sama dengan kaca monolitik dengan
perbedaan sebesar —3,9% hingga +0,9%, tetapi menghasilkan tegangan maksimum yang
lebih rendah sebesar 9,9-13,5%. Faktor keamanan terhadap tegangan lentur desain 100 MPa
berada pada rentang 0,25-1,65 untuk hasil model langsung dan 0,60-4,00 setelah dikoreksi
berdasarkan rasio validasi. Dari 24 konfigurasi yang dianalisis, hanya empat konfigurasi dua
baris yang memenubhi kriteria kekuatan sekaligus, yaitu L3-H2, L3-H3, M3-H2, dan L3-H4,
dengan faktor keamanan masing-masing sebesar 1,15; 1,06; 1,03; dan 1,02. Namun, seluruh
konfigurasi tidak memenuhi batas lendutan situasi layan sebesar 20 mm sehingga sistem
yang ditinjau dikendalikan oleh lendutan. Secara keseluruhan, kaca laminasi menunjukkan
keunggulan terhadap kaca monolitik dalam pengendalian tegangan akibat soft body impact,
sedangkan konfigurasi sambungan dua baris lebih berpengaruh terhadap peningkatan

kekakuan dan pengurangan lendutan dibandingkan penambahan jumlah baut pada satu baris.

Kata kunci: kaca monolitik, kaca laminasi, balustrade kaca, soft body impact, point-fixed,

analisis numerik.
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NUMERICAL ANALYSIS OF THE COMPARATIVE CAPACITY OF MONOLITHIC
AND LAMINATED GLASS IN GLASS BALUSTRADES OF PUBLIC BUILDINGS
UNDER SOFT BODY IMPACT

Nisa Rahmaa Azizah

ABSTRACT
This study compares monolithic glass and PVB laminated glass used in glass balustrade
systems of public buildings subjected to soft body impact loading. The study aims to analyze
and compare the structural response of both glass types in terms of maximum stress,
maximum deflection, safety factor, and the influence of variations in the arrangement and
number of point-fixed connection holes. The analysis was performed using a reduced
analytical numerical model based on a two degree of freedom contact system, consisting of
a 50 kg EN 12600 twin wheel impactor and a glass panel modeled as a single-degree-of-
freedom system solved using the Newmark-p numerical integration method. The stiffness of
laminated glass was determined using the effective thickness approach of Wdlfel Bennison
in accordance with EN 16612:2019, while the deflection and stress distributions were
calculated using Euler Bernoulli beam theory, and stress concentration around the
connection holes was evaluated using the Kirsch solution. The results show that for
equivalent total glass thickness and soft body impact loading from a 450 mm drop height,
PVB laminated glass produces deflections that are relatively similar to those of monolithic
glass, with differences ranging from —3.9% to +0.9%, while producing consistently lower
maximum stresses by 9.9-13.5%. The safety factor against the design bending stress of 100
MPa ranges from 0.25-1.65 for the direct model results and from 0.60-4.00 after correction
based on the validation ratio. Of the 24 configurations analyzed, only four two-row
configurations simultaneously satisfy the strength criterion, namely L3-H2, L3-H3, M3-H2,
and L3-H4, with safety factors of 1.15, 1.06, 1.03, and 1.02, respectively. However, none of
the configurations satisfies the serviceability deflection limit of 20 mm, indicating that the
investigated system is governed by deflection. Overall, laminated glass demonstrates an
advantage over monolithic glass in reducing stress under soft body impact, while the two-
row connection arrangement has a greater influence on increasing structural stiffness and

reducing deflection than increasing the number of bolts within a single row.

Keywords: monolithic glass, laminated glass, glass balustrade, soft body impact, point-

fixed, numerical analysis.
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