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Fig. 8. Masonry compressive strength vs Compressive strength of mortar for mortar thickness to masonry unit thickness ratio 0.10 and masonry unit strength

10.00-70.00 by step 10.00 using the optimal ANN-LM 4-9-1 model.

6. Conclusions

A comprehensive experimental database of 611 data points,
collected from 81 experimental campaigns, is developed in this study to
formulate an optimal computational model predicting the compressive
strength of masonry. Four parameters, namely, the compressive strength
of the masonry unit, the compressive strength of the mortar, the ma-
sonry height to thickness ratio and the mortar thickness to masonry unit
thickness ratio are considered as input in this database, while one output
parameter, the compressive strength of masonry is used.

Back Propagation Neural Networks (BPNN) models are then devel-
oped and trained to predict the compressive strength of masonry using
four different optimization algorithms, namely, the Levenberg-
Marquardt algorithm, the Broyden-Fletcher-Goldfarb-Shanno algo-
rithm, the Particle Swarm Optimization algorithm, and the Imperialist
Competitive Algorithm (ICA). To identify the optimal computational
scheme that can more effectively predict the compressive strength of
masonry, combinations for architectures have been tested and ranked
based on their performance, adopting different numbers of neurons per
hidden layer and different transfer functions.

The investigation leads to an optimal ANN model, optimized using
the Levenberg-Marquardt algorithm, consisting of a structure with 9
neurons in the hidden layer, and employing the Minmax normalization
technique in the range [0.00-1.00]. The Radial Basis (RB) transfer
function is used in the hidden layer, while the Log-sigmoid transfer
function is utilized in the output layer of this optimal model.

The capacity of the optimal machine learning model of this study to
predict the compressive strength of masonry is highlighted, by a com-
parison with available literature proposals. Within this comparison, all
performance indices obtained from the proposed model are significantly
improved in comparison with the literature findings.

Using the optimal developed model, the contribution of each input
parameter on the prediction of the compressive strength of masonry is
evaluated, by adopting the SHapley Additive exPlanations (SHAP)
method. It is shown that the most important parameter affecting the
compressive strength of masonry is the mortar thickness to masonry unit
thickness ratio followed in order by the mortar compressive strength, the
masonry height to thickness ratio and the parameter with the smallest
influence, which is the masonry unit compressive strength. However,
when the investigation differentiates between masonry compressive
strength values above 15 MPa (strong) or below 15 MPa (weak), a
different outcome is obtained. Thus, for weak masonry, the main
parameter affecting compressive strength is the masonry height to
thickness ratio, while for strong masonry, the primary parameter
influencing compressive strength is the mortar compressive strength.

Finally, the optimal computational model is used to further investi-
gate and evaluate the nature of the compressive strength of masonry.
Based on this investigation it is concluded that the relationship between
the compressive strength of the masonry wall/prism and the compres-
sive strength of the masonry unit is nonlinear. It is also shown that for
higher slenderness of the masonry walls, increasing the mortar strength
has less or almost no influence on the masonry compressive strength.
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The study can be extended by further enriching the developed
database, covering potential input parameters areas with less dense
representation, such as units and mortar with compressive strength
higher than 20 MPa. Additionally, the dataset can be expanded with the
inclusion of typologies such as stone masonries in greater numbers.
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