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Introduction

Beirut's history of earthquakes, coupled with its varied
soil compositions, underscores the need for advanced
seismic hazard models. Traditional assessment methods
(Vs30 proxies) often underestimate the risks due to the
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city's geological complexities. Recognizing these

challenges, our research integrates comprehensive ‘/ An:'ﬁgan T
geotechnical data, innovative machine Ilearning {4y Aranigs Plats - B

techniques, and detailed numerical simulations to e 1 . Quaternary
develop an elaborate 3D geotechnical model of Beirut. ot -

This model aims to provide a more accurate ... v ust mghignting the mojor ut ines ot = vartous geclogical unis withn the region, each color coded to epresent
representation of seismic risks, facilitating improved T, s corosan arobin snd fran oee comeeFeqeIZ0T distint tpes. Data points on the map ndcate hortole loctons
urban p|a nni Ng a nd risk m |t|gat|0n efforts. ZZ;ZTZ: complex seismic landscape fmpacting the region, including i?tzeo;l:’/tvhgi\go Z;Sic(;/fr/ﬂgsjzze :Itgt;llzrl;;vgzhoii«js (green dots), and

3D Velocity Model Construction: Approach and Outcomes

3D Geotechnical Model Development: Iterative Approach for Bedrock Modeling

Data from 500+ boreholes and 700+ geophysical Initial bedrock surfaces are interpolated from borehole and H/V data.

measurements were used alongside refined Digital These surfaces are cross-checked against sediment depths from

Elevation Models (DEM) and geological data to build an incomplete boreholes to prevent underestimation of bedrock depths.

extensive 3D model of Beirut’s subsurface. Should the interpolation exceed known bedrock highs, the model
adjusted and re-interpolated. Convergence is indicated when the model

Mean Shear wave velocity Estimation no longer surpasses these known elevations. This cyclic refinement

Vs mean Was derived from == continues until the model alighs with all establlshed bedrock‘data

cediment thickness and fundamental fo =5 enhancing accuracy and reducing uncertainty. o el ok 480

frequency data (EPS and f0). Utilizing =

Nakamura's approach, a standard =~

Vs mean of 300 m/s was - ey

established, with a Quality Factor : ‘

(QF) ensuring data reliability across ":kif?;';i}!.._.;::-‘_;,h..:.._._ B

Beirut's varied geological structure.  * * Le.n Machine Learning Enhancements:

A Random Forest algorithm was employed to represent sedimentary units

3D Model Visualizations continuously, significantly benefiting regions with sparse data coverage.
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= — — Random Forest at Depth 2: A closer look at the initial decision-making layers of Predicted vs. Actual Bedrock Elevation Scatter Plot: This plot
e the Random Forest, showcasing the primary features 'DC', 'XX', and 'YY' utilized demonstrates a strong linear correlation between the model's
in early prediction branching, where 'DC' measures proximity to the coastline, predictions and actual bedrock elevations, underscoring the Random
— and 'XX' and 'YY' represent UTM36N spatial coordinates. Forest model's precision and the fidelity of its predictions.

Strategic Implementation of Planewave (PW) in SPECFEM3D Seismic Simulation

¢ Meshing Technique 2 Artifact Mitigation in PW Seismic Simulations
This simulation employs a hon-honoring By extending model boundaries, adjusting source depth, and modifying Vs values, artifacts
hexahedral mesh that bypasses strict were delayed, preserving the initial data integrity for accurate subsurface interpretation.
alignment with geological discontinuities, R E a1 E A -
optimizing for computational efficiency S o £ y S——-
without compromising accuracy | m e __
- | | o | ’“ Time (s) Time (s)
.g./ N . . . . : nitial simulations at a m source depth (Vs= m/s, 1Hz frequency) revealed artifacts beyond
pus areintially approvimated using 2 seies of singe forces, expressed as Rcker (i Cci e hown as deviatons fom the yellow shaded areas. Adjustments t0 3 shallower
Non-honoring meshing technique 3 mesh of Beirut predetermined depths placed on mesh and GLL points. it anticimmted ssiumic behaviors and enhancing the ity of he 2 component et datm. -



