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ABSTRACT: This study investigates the rheological and mechanical properties of ultra-high performance 
fiber reinforced self-compacting concrete (UHPSCC) using garnet and basalt aggregates, microsilica, fly 
ash, nanosilica, and steel fibers. To reduce construction costs, two artificial neural networks (ANN-GA 
and RBF-NN) are used to predict UHPSCC properties and compared with laboratory results. The studied 
rheological properties include slump flow diameter, slump flow time, V-funnel test, and L-box test. The 
laboratory results show high compressive and tensile strength, and acceptable rheological properties 
within EFNARC acceptance range. Both neural networks demonstrate acceptable accuracy in predicting 
rheological properties, with ANN-GA having higher prediction accuracy. Understanding UHPSCC 
properties is essential for the construction industry, and the use of ANN-GA can save on costs while 
maintaining accuracy in predicting its properties.
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1- Introduction
To prevent excavation collapse and its possible negative 

consequences, structures called stabilization are used to 
contain the excavation. One of these methods is the use of 
anchors. An anchor is a structural element installed in soil 
or rock that is used to transfer the applied tensile load to the 
ground [1]. Nowadays, some excavations are abandoned 
during or at the end of the excavation process due to problems 
such as financial or management. In excavations stabilized 
with anchors, the load of the anchors usually changes over 
time and these changes in load may cause significant lateral 
displacements in the excavation wall and cause it to collapse. 
Few studies have been done regarding the long-term behavior 
of anchors, which have been used using various methods 
such as numerical modeling, field studies and measurements, 
and laboratory model tests [2-9]. These studies have the 
following shortcomings: (a) There are no studies that study 
different soils, especially coarse grains with cementation. (b) 
In previous researches soil creep parameters were obtained 
from laboratory tests and there is no verification based on 
field measurements of excavation. In this article, we try to 
solve the above deficiencies and study the long-term behavior 
of anchors in excavations. In this research, using field data 
regarding the long-term behavior of a project, numerical 
modeling was done with the definition of the Burger creep 

model. Also, by using back analysis, the input creep variables 
of the behavior model have been predicted and proposed for 
the coarse-grained soil of Tehran.

2- Methodology
In this research, numerical modeling has been done 

using FLAC 2D version 8.1 software. The data of the Atieh 
Gharb hospital project located in Gharb town of Tehran 
city have been used for numerical modeling. The depth of 
the excavation of this project is about 42 meters, and for its 
stabilization, a combination of concrete piles, anchors, and 
nails have been used. The soil of the project is coarse-grained 
soil with cementation. To model the soil in the software in a 
time-independent mode, the Plastic Hardening (PH) model 
is used. This model is a shear and volumetric hardening 
constitutive model for the simulation of soil behavior [10]. 
After modeling of the time-independent behavior of the 
excavation, the creep behavior should be modeled in a new 
phase. Based on the review of past researches, the Burger 
creep model has been used to model the creep behavior in 
this research. The model made in FLAC software is shown 
in Figure 1. For the meshing of the model, dimensions of 
the mesh in the soil environment in the areas close to the 
excavation wall are small, and to reduce the analysis time, 
the dimensions in the distance away from the excavation wall 
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were gradually increased.
The determination of most variables in numerical modeling 

is based on classical modeling that has been presented in 
past researches.  In this article, some specific points for the 
numerical modeling of the research subject are provided. The 
methodology of these points is summarized for the first time in 
this research and presented in this article. The FLAC software 
manual has presented how to determine the parameters based 
on the rock environment, and unfortunately, it does not 
mention how to determine and calculate the parameters of 
the cable element in the soil environment. Due to this lack 
of software guidance, some research [11] has been done by 
others to provide a practical method for soil containment 
modeling in FLAC software, which is summarized in this 
paper. Back analysis is a suitable method for determining 
model parameters using observational data collected from 
in-laboratory experiments [12] or field research [13]. In this 
research, because it was not possible to perform creep tests 
to obtain the parameters of the Burger creep model and the 
project was completed, the back analysis method was used 
to obtain the parameters of the Burger model. Four creep 
parameters of Burger model have been determined by the 
back analysis method and using the values of the prestressing 
force in the anchors over time as the output of the model.

In this research, data from two projects were used to verify 
numerical modeling: (a) Excavation of Atiye Hospital in 
Tehran; {b) nailed wall in Texas. The data of the prestressing 
force obtained from the loadcells and the displacements 
obtained from the survey in project (a) were compared with 
the numerical modeling results. In project (b), a nailed wall 
project on a road in Texas that was investigated in a study by 
the Texas Transportation Institute [4] was used.

3- Results and Discussion
The data obtained from the numerical analysis are 

presented and summarized in two parts including (a) the 
comparison of the changes in the prestressing force of 

anchors and (b) the horizontal displacement of the excavation 
wall over the time. 

In the excavation of Atiyeh Gharb hospital, loadcells have 
been installed on two anchors and the load on these anchors 
has been monitored. Measurements were taken and recorded 
both during excavation and after the end of excavation (creep 
time). Accordingly, after the installation and prestressing of 
the 6th row anchor of 90 tons, the load in it until the end 
of the construction and excavation stages is equal to 86.3 
tons, and 216 days after that it is equal to 83.7 tons. This 
means that during the period of 347 days after prestressing, 
the amount of load in this anchor has decreased by 7%. Also, 
after the installation and prestressing of the 11th row anchor 
of 90 tons, the load in it until the end of the construction and 
excavation stages is equal to 2.89 tons and 214 days after that 
it is equal to 1.87 tons. This means that during the period of 
283 days after prestressing, the amount of load in this anchor 
has decreased by 3%. The results recorded by both loadcells 
are in good agreement with the results predicted by numerical 
modeling.

4- Conclusions
The numerical modeling method presented in this article 

can well model the time-dependent (creep) behavior of the 
anchors used in stabilization systems. Due to the fact that 
the creep variables of the Burger viscoplastic model for 
Tehran’s coarse-grained soil had not been presented so far, in 
this research, these variables were obtained through the back 
analysis of the long-term behavior of achors. The long-term 
behavior of the stabilized excavation shows that over time 
due to creep, the horizontal deformation of the excavation 
wall increases, and the prestressing force in the anchors 
decreases. For the anchors installed in the upper levels of the 
excavation, i.e. in the upper depths and close to the ground 
level of the excavation, more load reduction occurs than other 
anchors during the creep time. 

2 
 

 Considering the goal of producing Ultra-High-Performance Fiber-Reinforced Concrete (UHPFRC) with 
high compressive and tensile strength, as well as rheological properties, the total amount of pozzolanic 
materials was set at 630 kg/m3 for all mixtures based on previous research and laboratory experience. The 
amounts of fly ash and micro silica used were 15% and 10% by weight of cement, respectively. Initially, 
four different mix designs were made with various water-to-cement ratios, and then the UHPFRC mixture 
with the highest compressive strength was named UHPSCC and selected as the reference concrete. Nano 
silica was added to UHPSCC at a ratio of 1%, 1.5%, and 2% by weight of cement, and steel fibers were 
added at a volume ratio of 1%, 1.5%, 2%, 2.5%, and 3%. After mixing the materials and producing the 
concrete, a portion of it was reserved for fresh concrete tests, while the remaining part was cast into the cube 
and cylindrical molds for hardened concrete tests. After 24 hours, the molds were removed, and the samples 
were cured in a water tank at a temperature of 23±2°C until testing. The slump flow test was conducted to 
determine the workability of fresh concrete, which is a common method for assessing the flowability of 
concrete on a horizontal surface without obstruction and is equal to the average diameter of the concrete 
after removing the Abrams cone. The T50 test was performed to determine the viscosity of UHPFRC, which 
is similar to the slump flow test, but the time required for the concrete diameter to reach 50 cm after removing 
the slump cone is measured instead. The L-box test was used to assess the passing ability and homogeneity 
of the confined UHPFRC using a steel rod, while the V-funnel test was used to evaluate the paste viscosity 
and filling ability of the concrete mixture. Finally, compressive and tensile strength tests were conducted on 
UHPFRC samples to evaluate their performance. Furthermore, in this research, prediction and estimation of 
two artificial neural networks, ANN-GA (a combination of artificial neural network and genetic algorithm) 
and RBF-NN (radial basis function neural network), were investigated for the rheological properties of self-
compacting fiber-reinforced concrete and compared with laboratory results. The structure and input 
parameters of the artificial neural networks used in this study are presented in Figure 1. 

 
Fig. 1. Structures and input/output parameters of artificial neural networks 

 

 3. Results and Discussion 
The analysis of the results obtained from the fresh concrete experiments showed  that the reference concrete 
met acceptable standards for fresh concrete parameters despite the presence of pozzolanic materials. 
However, increasing amounts of nano silica and steel fibers decreased efficiency and increased viscosity, 
leading to unacceptable test results. Compressive strength was very high due to the use of garnet and basalt 
aggregates, with a specific mix design being optimal for this property. Tensile strength was also increased 
by pozzolanic reactions and fiber presence, leading to an improvement in the transition zone. The 
microstructure analysis of the C+(2NS-2SF) mix design of ultra-high performance fiber reinforced concrete 
shows that nano silica particles have caused denser pores, preventing the development of micro-cracks, 
resulting in an increase in the strength of these specimens.  
ANN-GA and RBF-NN structures were used in the study with inputs including cement, aggregates, steel 
fibers, and water/cement ratio, and outputs consisting of four separate flow tests. All available data points 
were utilized for each network, with 70% of the data allocated for training, 15% for validation, and 15% for 
testing. Optimal hidden layer neuron numbers were determined based on R2, MAPE, and RMSE values. The 
ANN-GA network outperformed RBF-NN for predicting Slump flow diameter and high-performance fiber-
reinforced concrete. For predicting flow time and V-funnel flow time, optimal neuron numbers were 9 and 

Fig. 1. Structures and input/output parameters of artificial neural networks
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