Assessment of subsidence induced damage on masonry buildings
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Why is it challenging to assess damage on buildings? The use of empirical data of existing buildings Numerical simulations for settlement-induced damage
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The potential conseq uences Of Structure variability (e.g. materials, geometries)
ground settlements associated with Different foundations

subsidence phenomena include
direct damage in the form of
cracking in masonry Dbuildings.

The lack of detailed information
Masonry building and foundation model of the exposed structures (e_g_

Resulting crack pattern material, geometry, foundation
type) and of the subsurface on
which they rest represents a

However, evaluating and predicting - | surveyed masonry buildings, limit for the damage
the damage to buildings in roundation Type g constracton ) 167 of which rest on shallow assessment analyses.
subsiding areas is a complex task 60 =y 51950 foundat?ons and _230 on_piled Numerical analyses are being
that requires associating the oot e e o ‘ 2 1950 <y < 1975 foundatlo_ns_. The information of Ground settlement configuration verformed in order to directly
vulnerability of exposed structures homogeneous « Deep wrs<ys0 | LNESE buildings were recorded and objectively quantify the
with the intensity of the subsidence s 2000 during different SUAASY damage. They also provide the

campaigns over different Dutch

hazard (Costa et a|_, 2020) Fig. 1 - The structure-foundation-soil system: an
provinces (Fig. 3).

illustration of the uncertainties and large variability
related to the structural and soil features.

opportunity to evaluate the
effect of variability of the

| | | | pulding typology, foundation type and damage level. masonry building subjected to & settlement configuration. | employed parameters,
Damage assessment analyses require detailed information of the The building model includes a shallow foundation, and an  representing different
features of the exposed buildings (e.g. material of construction, mposed settiement (e, “hogamg” settement leads 1o controlled variations,
geometry, type of foundation system), and of the subsurface system Methodology darmage to the nZ”féi‘”EH; R c (0 terms (?r‘: crack overcoming  the lack  of
on VYhiCh _they are resting, which l_ea_ds to intr_ir?sic uncertainties \_Nhen The surveys cases included both undamaged (DO in Tab. 1) and of_crf'a,ck pattern) can (-\:J/ary accordinc}:]/[_)to the fea?ure_s of the iNformation (Sons and Cording,
dealing with a large number of buildings (Ferlisi et al., 2019, Saeidi et damaged masonry buildings (D1, D2 and D3 in Tab. 1). Four parameters Goformations, ¢ shape and magnitude of the imposed - 2007).

al., 2012). (i.e., differential settlement, rotation, relative rotation and deflection

ratio) selected as representative of the intensity of the subsidence

) phenomena causing the damage on buildings, were computed for each Ref

Which parameters can be used to assess the damage? building, starting from the available bed joint levelling along the building SUsltlEss

facades. The collected bed-joint levelling measurements for each

building allowed to trace back the settlements affecting the building.
The four parameters were used to generate probabilistic
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Fig. 2 - Typical building damages for sagging and hogging profiles and the definitions of the settlement
parameters: maximum settlement pmax, minimum settlement pmin, differential settlement dpmax, rotation 8,
relative rotation (or angular distortion) B, deflection A, deflection ratio A/L and tilt w.
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Conclusion
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] ) Empirical vulnerability and fragility curves for masonry buildings subjected to settlements.
The obtained results are expected to be useful to assess and predict the 4T5_Reseathata_ D(y)l: 10.4121/?82¥9155.v1. g ° J

built heritage vulnerability and, in turn, to be a valuable input to the
consequential evaluation of subsidence risk adaptation and mitigation
strategies for masonry buildings. The generated fragility curves may be
applied to assess the probability of damage over multiple buildings,

The complex interplay among the subsoil, superstructure and
foundation system (as shown in Fig. 1) leads to different settlement
configurations (e.g., "sagging” and “hogging” in Fig. 2) (Ferlisi et al.,
2019, Peduto et al., 2021).

In the state of art, different parameters are appraised in their

« Son, M., & Cording, E. J. (2005). Estimation of building damage due to excavation-induced ground
movements. Journal of geotechnical and geoenvironmental engineering, 131(2), 162-177.

. . . . . . . although the assessment may be limited by the variety of structure Would vou like to know more?
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damage on a large number of buildings.
Fig. 4 - An example of the results for buildings on shallow foundations: (a) Class frequency of damage level 4 p. Livi " Soft Soil
for the differential settlement; (b) Fragility curves generated for the differential settlement. T U De | ft S ol Bt S
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