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Subject

Underground construction in urban areas may result in damage to existing buildings and architectural
heritage due to differential settlements. Particularly in case of soft soil conditions and unreinforced
masonry facades this is a relevant and challenging issue. To deal with this problem properly, there is a
need for accurate and robust crack prediction models at building level.

Goals

Since fracture of brittle structures subjected to ground settlements is a highly discontinuous process,
standard incremental-iterative methods often fail to provide a properly converged solution. To over-
come these problems, an alternative solution procedure based on a Sequentially Linear Analysis (SLA)
scheme is being developed and implemented in DIANA. The key idea is that cracking and softening of
unreinforced concrete and masonry are captured via a number of positive secant stiffnesses, which
improves robustness.

On top of that, numerical support is provided to the companion project ‘Computational modelling of
building damage due to tunnelling’. In that project the numerical models result in updated engineering
design rules for building response to settlement.

Research Question
How can we develop an analysis scheme which is suitable for accurate and robust predictions of crack
patterns and crack widths at building level?

Strategy

First, an application is written in DIANA which is capable of performing basic SLA (isotropic damage
models and proportional loading). Next, this application is extended to include more sophisticated con-
stitutive models, such as orthotropic crack models, and non-proportional loading. Depending on ob-
tained analysis results other features may be included as well.

Expected Results
¢ A ‘saw-tooth’ softening model that gives robust and reliable predictions of crack patterns and
crack widths in masonry and concrete structures.
o Improvement of the numerical stability for brittle fracture analyses of buildings subjected to
ground movements.
¢ Improvement of the computational performance of SLA: a more efficient way to sequentially
solve the systems of equations involved.
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