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Variables Unit Min Mean Max STD

W kg/m* 1372 159.52 195 16.65
C kg/m* 3255 397.17 520  49.53
FA kg/m® 804.9 849.11 960  48.94
CA kg/m® 722 78328 920  86.69
NS kg/m? 0 20 49.6  16.98
Vi % 0 0.2 0.9 0.218
LSP kg/m? 0 172.47 288.9 142.77
SP kg/m* 175  6.192 10.5 2.39

Table 1. Descriptive Statistics of mixture proportions
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Variables No. Min Mean Max STD

of

data

used
Salemi and 12 4211 4991 5507 447
Behfarnia
(2013)

Fallah and 7 58.8 63.74 67.1 2.60
Nematzadeh
(2017)
Sadrmomtazi 8 30 43.65 58 10.72
and Fasihi
(2010)
Beigi et al. 40 66.6 79.80 88.7 597
(2013)
All data 67 30 68.45 88.7 15091

Table 2. Statistical metrics of compressive strength
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Al o
O P N - PP A R PPRE g PR
Algorithm’s parameters Range
GA
Mutation rate 0.1-0.5
Crossover rate 0.1-1
CSA
Flight length 1-10
Awareness probability 0.1-0.9

Table 3. Range of developed algorithm’s parameters
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Fig.1. Function iterations values with respect to the number of
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Fig.2. Mean error values with respect to the number of
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Mean
error CA FA C w No.

(%)

9.84 8.52 454 2098 11.3 1

7.95 5.32 021 233 2.97 2
15.52  19.09 12.82  4.66 21.53 3
11.04  30.05 021 3.78 10.21 4
13.96 23.68 629 123 24.63 5

Table 6. Calculated error values for GA optimization
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Table 7. Calculated error values for CSA optimization
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Table.4. Optimized mixture proportions using GA (validated based 30-80 MPa)
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SP LSP Vs NS CA FA C W F. No.
5.94 0 0.05 1.6 1013 981 341 145 44.74 1
2.67 122.46 0.1 0 898 958 374 158 61.37 2
3.23 6.42 0 5.6 918 915 420 145 35.27 3
7 179.68 0.04 31.5 758 875 376 168 80.03 4
5.5 2459 0.7 48.4 783 832 352 135 93.35 5

Table.5. Optimized mixture proportions using CSA (validated based 30-80 MPa)
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Fig.3. Mixture proportions changes based on CSA and GA process.
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Abstract

This paper has been applied for designing of developed optimal Self-compacted Fiber Reinforced Concrete (SCFRC)
incorporating polypropylene for construction of building industry. Concrete is a hybrid material incorporating of
cementitious materials, water, aggregates and additive materials. These comprise the constituent materials of concrete.
With the development of using materials in construction engineering, concrete blends have been the most widely
utilized for building industry in all over the world. The elimination of vibration to compact concrete during placing
through the use of self-compacting concrete leads to substantial advantages related to better homogeneity and hence,
quality of the construction, improving of the workability, environmentally purposes and enhancement of the
productivity by increasing the rate of construction. Over the last few years, the manifested developments of
superplasticizers technology allowed great achievements in the conception of concrete mixtures exhibiting self-
compacted performance. Since the last decades, some techniques have been presented to reach self-compacting
requirements in fresh concrete mixes, on the basis of evaluation of the flowing characteristics of these mixtures. The
compressive strength is most applicate characteristic of concrete. However, there are many defects for concrete
materials, including low anti cracking performance, bad toughness, low tensile strength. During the failure of the
concrete structure under the action of load, the energy consumed is very limited, and many cracks with different size
scale will come into being. The utilization of concrete Incorporating with fibers is one of the proper issues of
construction industry in last years. The main focus of this research to design a high performance self-compacted fiber
reinforced concrete by using an evolutionary algorithm, which is implemented in MATLAB software (R 22019 a)
version. Crow Search Algorithm (CSA) and Genetic Algorithm (GA) are statistical ways which are developed by
optimization based meta-heuristic solutions. A total of 67 concrete mixtures were considered by varying the levels of
key factors affecting concrete strength of concrete, namely, water content (137.2-195 kg/m®), cement content (325.5-
520kg/m’), coarse aggregate content (722-920 kg/m’), fine aggregate content (804.9-960 kg/m®), nano silica content
(0-49.6 kg/m’),percentage of volumetric of fibers (0-0.9%), lime stone powder content (0-288.9kg/m’) and
superplasticizer content (1.75-10.5kg/m®) were developed to design optimized mixture proportions. The objective
function called maximizing concrete strength was formulated as an optimization problem on the basis of Multiple
Linear Regression (MLR) method. The constrains including ratio of mixture proportions and absolute volume of
mixture design were utilized to obtain an optimal-strength and cost-effective design. The concrete technological
constraints were identified as the factors of experimental design for concrete production. The evolutionary
implementation of results reached incorporating mixture proportions having strengths in range of 30 - 88.7 MPa. Five
numerical examples for optimum mixture design of SCFRC were considered to evaluate the capability and efficiency
of CSA and GA algorithm. These results were compared and concluded that CSA (3.38-14.49 % of mean error)
performed better than GA (7.95-15.52 % of mean error) for this application. Also, the proposed evolutionary CSA and
GA algorithms are found to be reliable and robustness tools to solve and optimize engineering and concrete
technological problem.

Keywords: Self-Compacted Fiber Reinforced Concrete, Polypropylene, Optimization, Genetic Algorithm
(GA), Crow Search Algorithm (CSA)
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