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KISA OZET

Celik Kirislerin Yapisal Tasarim Optimizasyonu: Random Forest ve Cok Kriterli
Analiz Yaklasimiyla

Omar Marshaha

Yapisal olarak verimli ve maliyet acisindan etkili insaatlara yonelik artan talep,
miihendisleri yapisal elemanlar, ozellikle de yiiksek tasima verimliligi sayesinde
kopriiler, binalar ve endiistriyel uygulamalarda yaygin olarak kullanilan I-kirisler icin
gelismis optimizasyon tekniklerini arastirmaya tesvik etmistir. Bu tez, klasik
miihendislik hesaplamalari ile Makine Ogrenmesi yontemlerinden Random Forest
algoritmasinin entegrasyonunu iceren, basit mesnetli evrensel I-kirislerin yapisal
optimizasyonuna yonelik kapsamli bir metodoloji 6nermektedir.

Birlesik Kralhk’ta iiretilmis 96 evrensel I-kiristen olusan bir veri seti analiz
edilmistir. Bu veri seti, kesit boyutlari, metre basia kiitle ve maliyet gibi temel
parametreleri icermektedir. Her bir Kiris icin, 10 metrelik aciklikta ii¢c noktal yiikleme
senaryosu altinda plastik moment kapasitesi ve sehim degerleri, yerlesik yapisal
formiiller kullamlarak hesaplanmistir. Bu hesaplamalar, dogruluk ve tutarhhk
saglamak amaciyla hem Python hem de Excel ortamlarinda dogrulanmistir.

Plastik moment, sehim ve maliyeti entegre ederek Kkiris performansim
degerlendiren bir puanlama sistemi gelistirilmis; bu sistem, Kkirislerin nesnel olarak
karsilastirllmasina ve siralanmasina olanak tanimistir. Random Forest modeli, veri seti
disinda kalan varsaymmsal kiris konfigiirasyonlan icin plastik moment ve sehim
tahminleri yapmak iizere egitilmis ve optimize edilmis yeni tasarim secenekleri
liretmistir.

Sonuclar, bu biitiinlesik yaklasimin yiiksek performansh Kkirisleri basariyla
tammmladigimi1 ve geometri ile mekanik performans arasindaki dogrusal olmayan
iliskileri yakalayabildigini goéstermektedir. Gelistirilen metodoloji, miihendislerin
verimli ve ekonomik yapisal coziimler arayisinda kullanabilecegi pratik bir karar
destek araci sunmaktadir.

Anahtar Sozciikler: Yapisal Optimizasyon, [-Kirigler, Plastik Moment, Kiris Sehimleri,
Rastgele Orman (Random Forest), Makine Ogrenimi, Maliyet Etkinligi, Veriye Dayali
Tasarim, Yapt Miihendisligi.
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ABSTRACT

Structural Design Optimization of Steel Beams Using Random Forest and Multi-
Criteria Analysis

Omar Marshaha

The increasing demand for structurally efficient and cost-effective construction
has encouraged engineers to explore advanced optimization techniques for structural
elements, particularly I-beams, which are widely used in bridges, buildings, and
industrial applications due to their high load-bearing efficiency. This thesis proposes a
comprehensive methodology for the structural optimization of simply supported
universal I-beams by integrating classical engineering calculations with machine
learning, specifically using the Random Forest algorithm.

A dataset of 96 universal I-beams manufactured in the UK is analyzed,
containing essential parameters such as cross-sectional dimensions, mass per meter,
and cost. For each beam, the plastic moment capacity and deflection under a 10-meter
three-point loading scenario were computed using well-established structural formulas.
These calculations were verified in both Python and Excel to ensure consistency and
accuracy.

A scoring system was developed to evaluate beam performance by integrating
plastic moment, deflection, and cost, allowing objective comparison and ranking. The
Random Forest model was trained on the dataset to predict plastic moment and
deflection for hypothetical beam configurations outside the original database,
generating new, optimized design options.

Results demonstrate that this combined approach successfully identifies high-
performing beams and captures the non-linear relationships between geometry and
mechanical performance. The methodology offers a practical decision-support tool for
engineers seeking efficient and economical structural solutions.
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