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ABSTRACT: This paper investigates the performance of finite element (FE) model updating to identify
the induced damage in a two-story reinforced concrete (RC) masonry-infilled building using ambient
vibration data and compares with lidar (light detection and ranging) analysis.
Test Structure and Measured Data
The test structure is a two-story masonry-infilled RC building, constructed in 1920 in El Centro,
California shown in Figure 1(a). The building was severely damaged after it has been subjected to four
significant earthquakes. To measure the dynamic response, a series of accelerometers were installed on
the structure with typical layout illustrated in Figure 1(b). A powerful eccentric mass shaker (Figure 1(c))
was used to perform harmonic excitations in sine sweeps and sine steps along north-south and east-west
directions of the structure. Four exterior walls on the 2nd story were sequentially removed to induce
additional damage to the building, as shown in Figure 1(d). In this study, building condition before wall
removals is referred to as reference state and the condition after wall removals is denoted as damaged
state. More building and instrumentation details can be found in [1].
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Figure 1. (b) Northeast view of the tested structure; (b) accelerometer layout on the second floor; (c)
eccentric mass shaker; (d) walls demolition process
SHM Methodology and Results
Modal identification
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The modal parameters of the structure are estimated from different windows of measured ambient
accelerations using the Natural Excitation Technique combined with Eigensystem Realization Algorithm
(NExT-ERA) method, resulting in 30 sets of modal parameters at reference state and 10 sets at damaged
state with statistics summarized in Table 1. It can be observed that the natural frequencies of modes 1 and
2 decrease as damage was induced (wall removals), which is expected due to the loss of stiffness.
Table 1. Statistics of modal parameters at reference and damaged states
Natural frequencies (Hz)
Mode 1
Mode 2
2.26
3.37
0.01
0.04
1.96
2.72
0.03
0.03

State
Mean
Std
Mean
Std

Reference
Damaged

Damping ratios (%)
Mode 1
Mode 2
1.5
2.5
0.3
0.4
1.6
2.8
0.5
0.8

MAC
Mode 1 Mode 2
-

-

0.93

0.93

Note: Std denotes standard deviation.

Model updating results
Two initial linear FE models (un-tuned initial model and tuned initial model) of the structure are
created using SAP2000 V17. The tuned initial model implements stiffness reduction factors to account for
the in situ observed damage in the building at its reference state while the un-tuned model does not.
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The model updating process is performed by updating selected model parameters to minimize an
objective function containing the difference between model-predicted and experimentally identified
modal parameters. For each initial model, 30 reference models are calibrated to match the 30 sets of
experimentally identified modal parameters at the reference state. In order to mitigate the computational
workload of damage identification (due to 30 different reference models) and still preserve the variability,
four reference models are selected including “average reference model”, “low reference model”, “median
reference model” and “high reference model”.
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Figure 2. Damage identification results using un-tuned initial model (a) and tuned initial model (b)
Damage identification results using four reference models are shown in Figure 2 for both un-tuned
and tuned initial models. The horizontal lines denote the nominal values of introduced damage (wall
removals). It can be seen that better results are obtained using tuned initial model due to its improved
model accuracy since it has accounted for initial in situ observed damage. However, results using untuned initial model are still acceptable. Damage due to wall removals (𝛉 and 𝛉 ) is successfully detected
by model updating using both un-tuned and tuned initial model. Different reference models (average, low,
median and high) provide similar variability for most of the updating parameters.
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Damages on west (𝛉 ) and north walls (𝛉 ) of 2nd story are overestimated compared to their nominal
values using the tuned model. However, additional cracks due to shaking tests are observed and
quantified in terms of surface defect percentage through lidar analysis. It is found that significant cracks
formed in the west and north walls of 2nd story due to the high-amplitude forced vibration. These new
formed cracks are not considered in nominal values and potentially could have been accounted for in the
model updating results. This qualitatively partially explains why parameters 𝛉 and 𝛉 are overestimated
but their values could be realistic. An example of surface defect percentage from lidar analysis is shown
in Figure 3. More details about model updating and lidar analysis can be found in [2].
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Figure 3. Point cloud of the building at the reference (a) and damaged states (b); Lidar analysis of a
column on west side of 2nd story (c-f): (c) image at reference state, (d) 8% surface defect detected at
reference state, (e) image at damaged state, and (f) 15% surface defect detected at damaged state
Lessons Learned
In general, damage identification results using both un-tuned and tuned initial models are in close
agreement with the nominal values of induced damage. However, in certain walls, damage extent is
overestimated that can be due to additional damage caused by shaking (forced vibration tests), which has
been supported by lidar analysis. Lidar analysis provides a qualitative measure of damage through
detecting the extent of cracks and spalling during forced vibration which can be integrated with FE model
updating as supplemental and supportive material.
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