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Abstract

The use of piles to transfer compressive load to deep soil layers has always been considered by engineers. Due to the
high cost of pile construction, estimating pile load with appropriate accuracy is required to overcome uncertainty in
theories, utilizing relationships and physical and mechanical properties of soil. In geotechnical engineering, there are
significant changes in the physical and mechanical properties of the soil that can affect the estimation of pile bearing
capacity. In this study, the effect of uncertainty of various factors affecting the bearing capacity of concrete piles is
examined from a probabilistic perspective, which include internal friction, adhesion, soil specific gravity, pile surface
friction and length to diameter ratio of pile. In this research, Monte Carlo analysis is used and the results of the first-
order reliability analysis are compared with the analytical results based on Janbo theory. Validation of the method was
also performed using the Monte Carlo simulation method in a reliability software. The effect of random parameters
on the reliability index shows that the internal friction angle is the main factor on the compressive bearing capacity of
the pile. The results of this study also show that the use of first-order methods for sensitivity analysis and reliability
analysis may not be accurate, so the Monte Carlo simulation method is proposed.
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Abstract

Several analytical models have been suggested to determine the maximum compressive strength of concrete col-
umns confined by fiber-reinforced polymer (FRP) full confinement arrangements. However, the capability and reli-
ability of such models need further assessment for the case of partially FRP-confined concrete columns. In this study,
a new model is provided to predict the maximum compressive strength of concrete columns with partial confinement
which is also applicable to full confinement ones. For unifying the model for full and partial confining systems, based
on the confinement mechanism in the case of partially confined concrete, a new definition is proposed for the concept
of ‘confinement efficiency factor’ considering the distributions of lateral confining pressure and effective confinement
area. Subsequently, a reduction factor is considered in terms of the confinement pressure generated by FRP strips. To
find the best-fit model parameters obtained from regression analysis and evaluate the model predictive performance, a
compressive experimental dataset comprising 1699 test specimens with full and partial confinement systems has been
collected. The performance of the proposed model is assessed with experimental results based on statistical indicators.
Based on the values predicted by the model and the results reported by experiments, Mean Value (MV), Coefficient
of Variation (CoV), Mean Squared Error (MSE), Mean Absolute Percentage Error (MAPE), and R-squared (R2) were
achieved as 0.977, 0.211, 0.154, 0.259, and 0.864, respectively. Furthermore, the performance of the proposed model
is evaluated with other models available in the literature. The archived statistical indicators demonstrate the capability
and accuracy of the proposed model and its better performance compared to other models.

Keywords: Analytical Models, Concrete Columns, Partial Confinement ,Confinement Efficiency, Factor, Compres-
sive Strength
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Abstract

A correct understanding of the failure mechanism of self-compacting concrete (SCC) plays an important role in
the design of SCC structures and a better understanding of the behavior of structures made of it. Adding steel fibers
in self-compacting concrete and different ratios of water to cement can change the cracking behavior and its failure
parameters. Therefore, in this research, using 120 grooved beams under three-point bending test, the effect of water-
cement ratio (w/c) on the fracture properties and ductility of fiber self-compacting concrete was investigated. The
fracture parameters obtained in this study are total fracture energy ( G ) and characteristic length (7, ) from fracture
work method (WFM) and initial fracture energy (G ; ), effective length of processing area (C, ), brittleness number
and fracture toughness from size effect method (SEM). The results showed that G, G '+ with increasing w/c ratio from
0.35 to 0.7 decreased by 23% and 24% respectively. Also, with the increase of w/c ratio from 0.35 to 0.7, the value of
parameter /, and C ; increased by 22 and 47%, respectively, while the brittleness number ( £ ) in SEM decreased by
14.5%. By decreasing the w/c ratio, the strength of the surface transition zone and cement paste increased and the duc-
tility decreased. The ratio of fracture energy obtained from WFM ( G,.) to initial fracture energy obtained from SEM
(G ) for different w/c ratios was equal to 9.9 with a coefficient of variation of 4%. Finally, the obtained values for
mechanical properties and test variables were used to develop multivariate prediction models for failure parameters of
self-compacting concrete containing fibers with different w/c ratios, which have acceptable accuracy when compared
with the results of other researchers.
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Mix Mixture ID Fiber W/C Water Cement Limestone Fine Aggre- Coarse SP*

No. v, powder gates
Aggregates
1 SCC-WC0.35 0.6 035 175 500 288 830 728 6.32
2 SCC-WC0.4 0.6 0.4 188 470 288 830 728 5.94
3 SCC-WC0.44 0.6 044 198 450 288 830 728 5.0
4 SCC-WCO0.5 0.6 0.5 215 430 288 830 728 4.4
5 SCC-WC0.55 0.6 0.55 220 400 288 830 728 4.10
6 SCC-WCO0.6 0.6 0.6 225 375 288 830 728 3.85
7 SCC-WC0.65 0.6  0.65 234 360 288 830 728 3.57
8 SCC-WC0.7 0.6 0.7 238 340 288 830 728 3.35
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SCC-WC0.55 720 4.3 9.34 10.89 0.88
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SCC-WC0.65 725 3.9 8.95 10.5 0.89
SCC-WC0.7 740 3.75 8.15 9.7 0.91
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Research note

Abstract

This article presents the results of a laboratory study aimed at developing a new generation of engineered cementi-
tious composites. Specifically, the effects of using synthetic polymer fibers and polyvinyl alcohol (PVA) fibers, both
individually and in combination, on the mechanical properties of high-performance engineered cementitious compos-
ites were investigated. The study focused on compressive strength and flexural behavior. Synthetic and PVA fibers
were used in varying amounts, along with natural zeolite at quantities of 65, 70, 80, and 90 kg per cubic meter and
silica fume at 90, 100, and 110 kg per cubic meter as pozzolanic materials in the engineered cementitious compos-
ites. The results demonstrated that the use of fibers, both individually and in combination, improved the compressive
performance and flexural behavior of the studied mixtures by 5-36% and 66-201%, respectively. Based on the find-
ings, the maximum 28-day compressive strength achieved was 109.31 MPa, while the highest flexural strength was
15.93 MPa. Analysis of the flexural performance curves revealed a triphasic behavior: an ascending branch up to the
maximum flexural strength, a descending branch indicating a reduction in flexural strength but with enhanced strain
capacity and ductility, and a final ascending branch representing strain hardening. These curves highlight fibers’ posi-
tive role in improving the examined mixtures’ flexural properties.

Keywords: Engineered Cement Composites (ECC), Compressive Strength, Flexural Behavior, Fibers, Natural Zeo-
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Abstract

Concrete is one of the most fundamental and widely used materials in the construction industry. Development and
innovation in this field have led to the introduction of self-compacting concrete (SCC), which has brought consider-
able technological developments. The mix design of SCC is one of the substantial issues, so the number of materials
used in this concrete must be measured precisely. On the other hand, testing the compressive strength of concrete at
certain ages causes high costs, concrete waste, and environmental damage. Modern artificial intelligence techniques
that are capable of learning and modeling sophisticated problems have been increasingly used in concrete technology
over the past years. Therefore, this study adopts various machine learning methods, including support vector machine
(SVM), Multivariate Adaptive Regression Splines (MARS), and model tree (Mp5-MT) to predict the rheological
behaviors and compressive strength of SCC. For this purpose, four parameters of slump flow’s diameter, L-box ratio
(L), funnel duration (V), and 28-day compressive strength of concrete were collected through authenticate resources.
Input variables included Binder amount, Supplementary Cementitious Materials (SCMs), water binder ratio, amount
of fine and dry materials, and Superplasticizers. As the MARS technique comprises some hyperparameters whose
values highly affect the model accuracy, the optimization technique of the Gravitational Search Algorithm (GSA) has
been used in this study to determine these values. The results of this study showed that the MARS model integrated
with the optimization GSA technique can enhance the anticipation accuracy by up to 1.35%. 11.1%, 2.3%, and 1.07%
rather than the MARS model. Also, the Mp5-MT model outperformed the MARS-GSA model in predicting results, so
this is proposed as the selected model for predicting rheological behaviors and compressive strength of SCC.

Keywords: Self-Compacting Concrete, Rheological Properties, Compressive Strength, Machine Learning, Me-
taheuristic Optimization Algorithm
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