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Abstract
This study presents a practical approach to estimating and updating the global stiffness matrix of existing and
remodeling wall-type apartment buildings using limited modal measurements. In real applications, only a few
accelerometers and a small number of low-order modes are available, so direct identification of all stiffness
entries is ill-posed. To mitigate this, the building height is parameterized by a small number of zone-wise
stiffness factors, and full-DOF mode shapes are reconstructed via SEREP-based expansion that combines
analytical modes of an initial finite element model with measured modes at sensor locations. The zone
parameters are then identified through a regularized least-squares formulation of the modal constraint
equations, and a two-stage framework is adopted: Stage 1 detects the damaged zone, and Stage 2 subdivides
this zone to localize the damaged story. Numerical results for a 15-story shear-type model confirm that a 30%
stiffness reduction at the 8th floor can be accurately detected while maintaining small errors in the updated
stiffness matrix and natural frequencies. The proposed method is suitable for establishing stiffness baselines
before remodeling, tracking stiffness changes during wall demolition and construction, and supporting
post-construction structural reanalysis.

Keywords: Remodeling Apartment Building, Stiffness Matrix Updating, Mode Expansion, SEREP, Zone-Wise
Parameterization, Damage Detection
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Input Data: Story Number, Mass,
Initial Stiffness Matrix, Damaged
Floor, Damage Rate, Sensor Locations,
Considered Mode Number

4

Modal analysis: Baseline, True

4

Establish Boolean Matrix and
Measured Mode Shape Matrix

4

Expand to the Mode Shape Matrix
Corresponding to a Full Set of DOFs
Using SEREP

4

Stage 1: Estimate Zone-Based
Parameter

4

Estimate Damage-Expected Zones

4

Stage 2: Subdivide the
Damage-Expected Zone

4

Iterative Updating of
Subdivided Parameters

4

| Estimate Subdivided Parameters |

4

| Update of Stiffness Matrix |

Fig. 3. Flowchart for Two Stage Damage Detection
Scheme
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