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Abstract 

Today, the use of processed mineral materials in concrete to improve mechanical properties and durability has 

opened a wide field of vision for researchers in the structural sciences. On the other hand, preserving the 

environment by reducing the toxic gas of carbon dioxide caused by cement production is one of the concerns of 

scientists. In this regard, minerals containing abundant aluminosilicate particles and active alkali solution (AAS) 

replaced ordinary cement in concrete and led to the production of geopolymer concrete (GPC). The composition 

and reactivity of these materials produce a strong adhesive material that in combination with other concrete 

components, causes the final strength of GPC. High temperatures weaken the concrete against loads by damaging 

the structure of hydrated gels in concrete. GPC has better fire resistance than OPCC due to its density in its 

microstructure. In the current study, Granulated Blast Furnace Slag (GBFS)-based GPC was used with 0-2% 

polyolefin fibers (POFs) and 0-8% Nano silica (NS) to improve its structure. After curing the specimens under 

dry conditions at a temperature of 60 °C in an oven, they were subjected to Compressive strength, Modulus 

of elasticity and Weight Loss tests to evaluate their mechanical properties. all tests were performed at 90 days of 

age under ambient temperature (20 ℃) and high temperature (500 ℃). The addition of NS enhanced the whole 

properties of the GBFS-based GPC. Addition of up to 8% NS to the GPC composition at 20% temperature 

improved the modulus of elasticity test results by 13.42% and the compressive strength up to 21.94% by 11.58%. 

Addition of up to 2% of POFs to the GPC composition resulted in an improvement, modulus of elasticity of 

07.05% and a decrease in compressive strength of up to 22.49%. Apply the lowest (0.061%) and highest (0.12%) 

weight loss percentage of concrete samples under 500% heat, belonging to scheme 4 (including GPC containing 

8% NS) and scheme 6 (including GPC containing 2% POFs) Came. In the following, by conducting the Slag, 

Scanning Electron Microscope (SEM) analysis, a microstructure investigation was carried out on the concrete 

samples. In addition to their overlapping with each other, the results indicate the GPC superiority over the regular 

concrete. Besides, it demonstrated the positive influence of NS addition on the concert microstructure. © 2017 

Journals-Researchers. All rights reserved. (DOI:https//doi.org/10.52547/JCER.4.4.1) 
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1. Introduction 

Currently, considering global trends and challenges, 

as well as the UN1 sustainable development goals and 

the ESG2 plan, the development of geopolymer 

binders for the production of GPC has become an 

urgent area of construction science [1]. GPC is one of 

the innovative eco-friendly materials that has gained 

the attention of many researchers in the sustainable 

development of the construction industry [2]. GPC is 

a new material in the construction industry, with 

different chemical compositions and reactions 

involved in a binding material. The pozzolanic 

materials (industrial waste like fly ash, ground 

granulated blast furnace slag), which contain high 

silica and alumina, work as binding materials in the 

mix. GPC is economical, low energy consumption, 

thermally stable, easily workable, eco-friendly, 

cementless, and durable [3]. GPC is an environmental 

friendly concrete as it relies on minor treated natural 

materials or industrial wastes like (Fly ash, GBFS 

and silica fumes etc) which are having high alumina 

and silica content, to significantly reduce the carbon 

footprints [4]. GPC is produced from the 

geopolymerization process, in which molecules 

known as oligomers integrate to form geopolymer 

networks with covalent bonding [5]. Materials 

research has shown GPC has the potential to 

significantly improve the sustainability of concrete 

construction [6]. GPC has superior mechanical and 

durability properties compared to ordinary Portland 

cement (OPCC) concrete [7]. Geopolymers are novel 

cementitious materials that have the potential to 

replace conventional Portland cement composites 

completely, the production of geopolymer 

composites has a lower carbon footprint and uses less 

energy than the production of Portland cement [8]. 

Production and utilization of cement severely affect 

the environment due to the emission of various gases, 

the application of GPC plays a vital role in reducing 

this flaw [9]. To reduce CO2 emissions by 55% by 

2030, applying sustainable and energy-efficient 

materials like GPC containing Phase change 

materials for infrastructure development is necessary 

[10]. GPCs have lower CO2 emissions than 

conventional concrete and Portland cement [10-13,2]. 

GPC is a perfect alternative to conventional cement 

——— 
1 United Nations 
2 Environmental, Social, and Governance 

concrete [14]. In the process of substituting OPCC   

concrete production, the development of GPC is 

considered as the major breakthrough [15]. GPC is a 

high-performance concrete [16]. Geopolymer or 

alkali-activated binders are emerging as a potential 

green sustainable alternative for OPCC [17]. 

Geopolymer composite is a new cementitious 

material, and it appears to be a potential replacement 

for conventional cement concrete [18].  Geopolymers 

are cementitious materials known for their 

environmental benefits and comparable 

characteristics to conventional Portland cement [19]. 

Compressive strength is an important property of all 

concrete composites, including GPC [20]. SEM 

analysis exhibited that the geopolymer matrix 

contained more dispersed small-sized pores which 

indicate a higher compressive strength absolutely 

than other experimental mixes [21]. The parameters 

that are identified to influence the strength gain 

process of GPC includes type of binder, binder to 

AAS ratio, alkali activators ratio, curing time, curing 

temperature, concentration of AAS, and Si/Al ratio in 

the binder material and activators [22]. the AAS to 

binder ratio, molarity, NaOH content, curing 

temperature, and ages were those parameters that 

have significant influences on the Compression 

strength of GPC incorporated with NS [23]. 

Increasing the molarity and Alkaline to Binder ratios 

results in the strength development of GPC up to a 

specific limit [24]. The activation of GBFS with 

alkaline liquids (e.g., NaOH or water glass) to 

produce alkali-activated GBFS cement has been 

studied during the past few decades [25]. GBFS has 

latent hydraulic properties that could be activated 

using suitable activators [26]. Metakaolin, fly ash, 

and mostly GBFS are traditionally used in the 

production of geopolymer [11]. in GPC, GBFS were 

used as binder material, along with sodium hydroxide 

and sodium silicate solutions as AASs [13]. Recent 

efforts have been made to incorporate various 

nanomaterials, most notably NS, into GPC to 

improve the composite's properties [20]. the addition 

of nanoparticles has a promising future for 

developing high-performance geopolymer 

composites that the construction industry can 

efficiently implement due to significant 

improvements in strength, durability, microstructure 

by providing additional C–S–H, N-A-S-H, and C-A-

S-H gels as well as filling nano-pores in the 

geopolymer matrix [8]. the presence of 
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nanomaterials, which enhances the rate of 

polymerization, leads to better performance of the 

geopolymer [27]. The presence of NS in GPC not 

only has a positive effect on its physical and 

mechanical properties but also accelerates the 

geopolymer reaction, reduces the system's alkalinity, 

and thus, lowers the degradation of the used fibers 

[28]. The simultaneous evaluation of NS and steel 

fibers in GPC has indicated a good relationship 

between them [29,30]. In an investigation on the 

effect of POFs with different diameters and lengths in 

GPCs, it was revealed that the proper use of fibers 

increases the compressive strength and modulus of 

elasticity. Besides, adding fibers decreases the 

compressive strength [31]. In an investigation 

conducted on the effect of adding 0.5 of POFs to the 

GPCs, it was observed that the compressive 

resistance of the samples declined by 12-15%. The 

samples containing fibers with 55 mm in length had 

undergone lower compressive strength more than 

those with 48 mm in length [32,33]. The reason for 

the reduction in the compressive strength of 

specimens containing POFs can be the micro internal 

defects in the geopolymer matrix caused by the 

additional fibers [34]. Improved elastic modulus have 

been reported with the use of NS in GPC [35]. The 

impact of fiber on the long-term behavior of GPC 

have been highlighted [15]. The addition of different 

fibers also has essential potential for increasing the 

performances of geopolymer composites [36]. In 

addition to the environmental benefits of 

geopolymers, it possesses excellent mechanical 

properties, including good resistance to elevated 

temperatures [17]. Although a novel inorganic family 

of GPC is a promising building material. The need 

for understanding its resistance against fire at high 

temperatures is considered essential to ensure its 

long-term durability [37]. Physical examinations of 

the degree of cracking, spalling, brittleness, and loss 

of strength in GPC upon exposure to high 

temperatures and during fires provide an indicator of 

their resilience to such conditions [37]. This structure 

(related to the GPC) has some merits compared to the 

regular concrete, e.g., it provides better resistance 

performance at higher temperatures [38]. The 

concrete resistance performance against heat is 

complicated. When being exposed to a high 

temperature, GPC experiences a number of changes 

indicated based on their thermal ranges [39]. 

1. The removal of evaporative water at 100 °C  

2. Calcium Silicate Hydrates hydration starts at 180 

°C; as the temperature increases to 200 °C, the vapor 

pressure continuously elevates in the geopolymer 

structure. 

3. The OH hydroxyl groups are evaporated at 500 °C. 

The dihydroxylation changes the Aluminosilicate 

structure, reducing the resistance level. 

4. An intensely porous ceramic structure is formed at 

800 °C. 

increase in resistance is observed between room 

temperature and 200 °C and even 300 °C in research 

of other researchers, and various reasons are 

attributed to this increase. For instance, Sadighi et al. 

in 2012 [40] attributed this increase to the quick-

drying of concrete. Similar reports are also provided 

[41,42]. The effect of NS on improving and reducing 

heat resistance can be explained as a multi-step 

mechanism that improves the microstructure of 

concrete and, consequently, increases the mechanical 

properties of concrete. 

1- Increase in pozzolanic reaction [28]: Presence of 

NS in GPC increases the rate of pozzolanic reaction. 

2- Filers effect of NS particles [43,44]. In the first 

step, the distribution of the NS particles besides other 

particles in concrete leads to the creation of a more 

compact matrix.  Secondly, NS reaction in the 

geopolymerization process produces a greater amount 

of Aluminosilicate gels and reaction products from 

main materials. 

3- Acting as a nucleus [45,46] In the structure of C-S-

H gel, nanoparticles can act as a nucleus and create 

strong bonds with particles of C-S-H gel. In this 

laboratory study, increasing the mechanical 

properties of GBFS geopolymer concrete containing 

NS and POFs is one of the innovative goals. On the 

other hand, according to the research of others, 

helping the healthy environment by reducing CO2 

emissions from conventional cement production, is 

another goal in this research. 

2. Experimental program 

2.1. Materials 

In this experimental study, the Portland cement type 

II with a 2.35 g/cm3 of specific weight according to 

standard En 197-1 and the GBFS was used in powder 

form with the density of 2.79 g/cm3 according to 

ASTM C989/C989M standard. The chemical 

properties of these materials are indicated in Table 1. 

The NS particles made up of 99.5% SiO2 with an 
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average diameter in the range of 15 to 25 nm were 

used. Crimped POFs according to ASTM 

D7508/D7508M standard, 30 mm in length, were 

also used, whose physical properties are shown in 

Fig. 1. The used fine aggregates (FAs) were natural 

clean sand with a fineness modulus of 2.95 and a 

density of 2.75 g/cm3, and the coarse aggregates 

(CAs) were crushed gravel with a maximum size of 

19 mm and a density of 2.65 g/cm3 according to the 

requirements of the ASTM-C33.  In this study, the 

GPC curing has been performed at 60 °C according 

to the GPC standards extracted from prestigious 

articles in this field. 

Table1 

Chemical Compositions of Materials 
Portland Cement 

Type II (%) 
GBFS 
 (%) 

Component 

21.3 29.2 (%) 2SiO 
4.7 19.4 (%) 3O2Al 
4.3 5.8 (%) 3O2Fe 

62.7 38.6 CaO (%) 
2.1 2.8 MgO (%) 
2 2.6 (%) 3SO 

0.65 0.1 (%) O2K 
0.18 0.2 (%) O2Na 

- 0.6 (%) 2TiO 
1.12 - Free Cao 
1.84 0.3 LOI (%) 

2.2. Mix Design 

For accurate investigation, six mixture designs were 

considered, according to ACI 211.1-89 standard. The 

first sample included a regular concrete containing 

Portland cement where the water to cement ratio has 

considered to be constantly 0.45. Five other samples 

include GPC with different NS and POFs. The GPC 

samples are generally categorized into two groups: 

the first group lacks POFs with the NS amount of 0-

8%. The second group contains 8% of NS, where the 

POFs are used in these designs in the form of 1 and 2 

percent. In order to achieve the same performance in 

each mixture design and obtain a slump of about 20 

±100 mm, we have used normal polycarboxylate-

based superplasticizers. Besides, 202.5 kg/m3 of the 

AAS is used in this case. The used AAS is a 

combination of NaOH and Na2SiO3 with the weight 

ratio of 2.5, utilized with the mixture specific weight 

of 1483 kg/m3 and the concentration of 12 M. The 

conducted studies indicate that due to the significant 

level of C-S-H formation when utilizing Na2SiO3, 

using a combination of NaOH and Na2SiO3 increases 

the compressive strength compared to single 

employment of CaOH [47]. The samples mixture 

design is indicated in Table 2. 

 

 

<500 Tensile Strength (N/mm2) 

30 Length (mm) 

0.8 
Diameter (mm) 

 

>11 Elasticity Modulus (GPa) 

2400 Bulk Density(g/cm3 ) 

Fig. 1. Physical properties of the POFs   

Table 2 

Details of the mix designs (kg/m3) 

Mix ID Cement GBFS  Water AAS NS CAs FAs POFs SP 

OPCC 450 0 202.5 0 0 1000 761 0 6.75 

GPCNS0POF0 0 450 0 202.5 0 1000 816 0 6.75 

GPCNS4POF0 0 432 0 202.5 18 1000 767 0 7.8 

GPCNS8POF0 0 414 0 202.5 36 1000 718 0 8.3 

GPCNS8POF1 0 432 0 202.5 36 1000 672 24 8.6 

GPCNS8POF2 0 432 0 202.5 36 1000 646 48 9 
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2.3. Test Methods 

After fabricating the samples, for better curing and 

increasing the resistance properties, the samples were 

placed in an oven at 80 °C with a thermal rate of 4.4 

°C/min for 48 h. After taking them out of the oven, 

the samples were kept for 90 days at an ambient 

temperature. After curing the samples and before 

performing the tests heating under standard ISO834, 

the samples were placed in an oven at 500 °C for 1 h. 

In the end, by opening the oven door, the samples 

reached the ambient temperature [48]. In the 

following, the required experiments were conducted 

on the concrete samples, according to the related 

standards. In this study, the compressive strength 

tests were performed on 10-cm3 cubic specimens 

based on BS EN 12390. Modulus of elasticity test 

according to ASTM C469 standard was performed on 

cylindrical specimens (15 cm in diameter and 30 cm 

in length). Weight loss test of concrete samples 

according to ASTM C1792-14 standard was 

performed on 10 cm3 cubic samples. 

3. Results and Discussion 

3.1. Results of the Modulus of Elasticity Test 

The results of the modulus of elasticity test of 

concrete samples at 20℃ and 500℃ temperature are 

shown in Figure 2. Figure 3 shows the concrete 

sample after the modulus of elasticity test. The 

minimum and maximum modulus of elasticity 

obtained from the samples of control concrete and 

GPC at a temperature of 500 °C belong to OPCC and 

GPCN8POF2 at 13.3 and 28.01 GPa, respectively, 

this increase in strength by approximately 1.1 times 

for the design. GPCNS8POF1 contains GPC 

compared to conventional concrete design. Increasing 

the fibers in GPCNS8POF1 and GPCNS8POF2 

mixing designs, compared to GPCNS8POF0 GPC 

design, has increased the modulus of elasticity as 

expected. The maximum increase in modulus of 

elasticity belongs to the GPCNS8POF2 design, which 

is 38% more than the 2-GPC design. The maximum 

and minimum modulus of elasticity of the obtained 

90-day concrete sample after heating compared to 90-

day concrete samples at room temperature belong to 

OPCC design and GPCNS8POF1 design by 59% and 

32%, respectively. It is generally reported that GPCs 

that are cured at high temperatures have a lower 

modulus of elasticity than normal concrete. For each 

GPC design, we see an increase in the modulus of 

elasticity in concrete with increasing consumption of 

NS and fibers. The highest and lowest percentages of 

reduction in modulus of elasticity of heat-treated 

concrete belong to OPCC and GPCNS8POF1 at 59 

and 32%, respectively. 

 
Fig. 2. The Modulus of Elasticity of the specimens 

 

 
Fig. 3. Modulus of Elasticity Test 

3.2. Results of the Compressive Strength Test 

The results of the compressive strength test of 

concrete samples at 20 ℃ and 500 ℃ temperature are 

shown in Figure 4. Figure 5 shows the concrete 

sample after the compressive strength test. 

The minimum and maximum compressive strengths 

obtained from the samples of control concrete and 

GPC after exposure to 500 °C belong to OPCC and 

GPCNS8POF0 designs of 38.89 and 75.99 MPa, 

respectively. GPCNS8POF0 is approximately 95% 

warmer than OPCC design. Increasing the fibers in 
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GPCNS8POF1 and GPCNS8POF2 mixing designs, 

compared to GPCNS8POF0 GPC design, increases 

the heat resistance of the sample. Has not been. The 

maximum and minimum compressive strength of the 

90-day samples after heating compared to the 90-day 

concrete samples at room temperature belong to 

OPCC design and GPCNS8POF0 design by 37% and 

8%, respectively. The percentage of reduction in 

compressive strength (under high temperature), the 

effect of the properties of the base materials (GBFS 

and NS) constituting the GPC in the samples of GPC 

are evident in the results of the diagram. In this 

regard, the highest and lowest percentages of 

reduction in compressive strength of concrete 

samples belong to the design of OPCC and 

GPCNS8POF2 by 37 and 8%, respectively. 

 
Fig. 4. The Compressive Strength of the Specimens 

 

 
Fig. 5. Compressive Strength Test 

 

3.3. Results of the weight loss test 

The results of the weight loss test of concrete samples 

at 500 ℃ temperature are shown in Figure 6. Heat 

causes water to evaporate and leave the pores, 

cavities, interlayer and interfacial capillary spaces in 

the concrete structure and thus affects the weight of 

the concrete sample, so higher density in the cement 

matrix structure can be of great help. Maintain the 

weight of the concrete sample. The lowest weight 

loss for the sample before and after exposure, the 

GPCNS8POF0 design shows a 15% improvement in 

the weight loss test compared to the conventional 

concrete sample, but with the increase of POFs to 

GPC. We see severe weight loss in heat-exposed 

specimens. Weight loss in GPC samples containing 

heat-treated POFs is more severe than in 

conventional concrete samples, so that we see a 

weight loss of 0.12% for the GPCNS8POF0 design, 

which reached 0.073% for OPCC. The highest 

(0.12%) and lowest (0.064%) weight loss percentages 

belong to GPCNS8POF2 and GPCNS8POF0 designs, 

respectively. From this it can be concluded that the 

addition of POFs causes weight loss of concrete 

under heat. 

 
Fig. 6. The Weight Loss of the Specimens 

3.4 Results of the SEM Analysis 

In this study, SEM at 50 µm and 100 µ scale at 90-

day curing age are shown on concrete samples at 

room temperature in Figure 7 and under high 

temperature in Figure 8. In the samples at room 

temperature, in the images obtained from room 

temperature, it can be seen that designs 2 to 6 include 

ferrous concrete due to the presence of GBFS and 

NS, compared to design 1 containing control concrete 

containing Portland cement of higher density and 
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cohesion. In their microstructure, this indicates the 

greater participation of the particles forming ferrous 

concrete in the geopolymerization process compared 

to the Portland cement particles in the hydration 

process. 

For ferrous concrete, by increasing the amount of NS 

in the designs, we see an improvement in the 

geopolymerization process and an increase in the 

production volume of hydrated gels in the concrete 

sample. In Portland cement, C-S-H gel consists of 

silicone and geopolymer groups of materials with 

high polymerization and Aluminosilicate structure 

[49]. In the sample containing NS, very few fine 

cracks are observed, in which NS acts as a filler to fill 

the spaces inside the hardened microstructure 

skeleton of the geopolymer paste and increase its 

compaction [50,51]. First, the nanoparticles fill the 

pores of the matrices, which reduces the porosity of 

the geopolymer nanocomposites, resulting in 

uniformity, less pores, and a more compact 

geopolymer matrix [28]. In fact, the pozzolanic 

reaction condenses and homogenizes the 

microstructures by converting C-H to C-S-H [52], 

thus creating more geopolymer gel and a denser 

matrix [53] However, further increase in NS content 

causes insufficient dispersion and accumulation of 

NS particles, which slightly reduces matrix density 

[49]. 

In high temperature samples, tree structure due to 

water evaporation and destruction of concrete 

microstructure is observed. In this case, cracks and 

cavities in the concrete microstructure are seen more 

than concrete samples under room temperature. For 

samples after exposure to high temperature, we see 

evaporation due to evaporation of water evaporated 

in the microstructure of concrete under the influence 

of high temperature for all designs. The amount of 

consumables is less. In general, it is believed that due 

to their ceramic-like properties, geopolymers have 

better performance in encountering fire compared to 

regular concretes [28,54,55]. 

GPCs resistance in encountering a significant level of 

heating treatment depends on its constituent chemical 

compounds and also the temperature and the way of 

curing [56]. The OH hydroxyl groups are evaporated 

at 500 °C. The dihydroxylation changes the 

Aluminosilicate structure, reducing the resistance 

level [57]. According to the obtained results in this 

investigation, all designs at room temperature have 

"superior" quality, and all samples at 500 °C have 

average and good quality [58]. 

 
Fig. 7. SEM under room temperature 

 
Fig. 8. SEM under high temperature 

 

 



 Journal of Civil Engineering Researchers 

2022-vol4(4)-p 1-11 

 

8 

4. Conclusions 

In this experimental study, tensile strength, modulus 

of elasticity and UPV in OPCC and GPC at 90 days 

of curing at 20% and 500% were investigated. The 

results of this research are as follows. 

1. At a temperature of 20%, the lowest (32.44 GPa) 

and highest (42.51 GPa) modulus of elasticity belong 

to design concrete 1 (including OPCC) and design 6 

(including GPC containing 8% NS and 2% POFs). 

The lowest (62.43 MPa) and the highest (82.96 MPa) 

compressive strength belong to Scheme 1 (including 

OPCC) and Scheme 4 (including GPC containing 8% 

NS). 

2. At a temperature of 500%, the lowest (13.3 GPa) 

and maximum (28.01 GPa) modulus of elasticity 

belong to design concrete 1 (including OPCC) and 

design 6 (including GPC containing 8% NS and 2% 

POFs). The lowest (38.89 MPa) and the highest 

(75.99 MPa) compressive strength belong to Scheme 

1 and Scheme 4 (including GPC containing 8% NS). 

3. Applying high heat to GPC samples reduced the 

modulus of elasticity by up to 42%, compressive 

strength by up to 16% and reduced the weight of the 

samples by up to 0.12%. The effect of heat on the 

drop in results in control concrete is more than GPC. 

4. The results of all tests at 20% and 500% showed 

the superiority of mechanical properties in GPC 

compared to OPCC. 

5. SEM analysis, due to the microstructural 

superiority of GPC over control concrete, covered the 

results of other tests in this study. 
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Abbreviations  

GPC: Geopolymer Concrete 

POFs: Polyolefin Fibers 

GBFS: Granulated Blast Furnace Slag 

NS: Nano Silica (Nano SiO2) 

OC: Ordinary Concrete 

OPC: Ordinary Portland Cement 

OPCC: Ordinary Portland Cement Concrete 

AAS: Active Alkali Solution 

SEM: Scanning Electron Microscope  

C-H: Calcium-Hydrate 

C-S-H: Calcium-Silicate-Hydrate (C-S-H) or 

Tobermorite Gel       

C-A-S-H: Calcium-Aluminat- Sulfate-Hydrate (C-A-

S-H) or Ettringite Gel or Tobermorite-like gel     
N-A-S-H: Natrium-Aluminat- Sulfate –Hydrate (N-

A-S-H) or Tobermorite-like gel  
CAs: Coarse Aggregates 
FAs: Fine Aggregates 
SP: Super Plasticizer 

NaOH: Sodium Hydroxide 

Na2SiO3: Sodium silicate 

CaOH: Calcium Hydroxide 

LOI: Loss On Ignition 
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Abstract 

One effective way to reduce dead and earthquake loads is to use waffle slabs. The use of waffle slabs leads to 

smaller sections. There are various methods for predicting the behavior of slabs, the most important of which is 

fracture mechanics. Considering the variety of geometry of waffle slabs, it is important to investigate the 

formation and growth of cracks in them. The current research aims to analyze the post-crack behavior of waffle 

slabs under common loading conditions using the finite element method by using numerical modeling to analyze 

cracks in reinforced concrete members. by comparing the obtained results with the laboratory sample, the optimal 

numerical model for predicting the behavior of the hollow slab was determined. The waffle slab sample was 

modeled with two types of distributed and concentrated loading conditions and two types of simple and fixed 

support conditions. The models were modeled by two methods of concrete damage plasticity and smeared 

cracked concrete by Abaqus software. Various parameters of these samples, including the load-displacement 

diagram, the load coincident with the formation of cracks, the displacement in the middle of the slab opening, and 

the pattern of the formation and propagation of cracks, etc., were discussed and investigated. To validate and 

control the modeling process, the laboratory results of the research of Nithyambigai G et al. in 2021 have been 

used. The outcomes of this study showed; a relatively good correspondence between the two methods of 

Concrete damage plasticity and the concrete smeared crack model, but due to the definition of failure in the 

Concrete damage plasticity method, more accurate results can be obtained.  © 2017 Journals-Researchers. All 

rights reserved (DOI:https//doi.org/10.52547/JCER.4.4.12) 
"Keywords: CDP Numerical Method, Crack Growth, Reinforced Concrete Slab, Concrete Smeared Cracking Method, waffle Slab."   

——— 
* Corresponding author. Tel.: +989904417166; e-mail: Alireza.sa30@gmail.com 

1. Introduction 

The most significant challenge for engineers in 

analyzing the behavior of reinforced concrete 

members is to predict how cracks will form and 

propagate in them. Also, the effect of the formation 

of cracks on various components such as hardness, 

load, deformations, and durability in reinforced 

concrete members is important. one of the important 

components of structures that are responsible for 

carrying a major part of the load on the structure is 

slabs. Methods such as finite element analysis are 

used to predict the formation and expansion of cracks 

in reinforced concrete members like slabs. Abaqus is 

one of the software for finite element modeling and 
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analysis. This software can simulate reinforced 

concrete members.  

Classical models for concrete cracking are based 

either on the so-called smeared crack approach or the 

discrete crack approach. Smeared crack models are 

based on the theory of continuum mechanics and are 

characterized by spreading the dissipated energy 

along the width of the localization band. The class of 

discrete crack models is characterized by 

incorporating the discontinuity of the displacement 

field due to cracking directly into the finite element 

formulation to capture the strong discontinuity 

kinematics of a discrete crack.[1] In the early days of 

finite elements, analysis cracks were modeled using 

separation between element edges (Ngo and Scordelis 

1967, Nilson 1968). The approach suffers from two 

drawbacks. First, it implies a continuous change in 

nodal connectivity, which does not fit the nature of 

the finite element displacement method. Secondly, 

the crack is constrained to follow a predefined path 

along the element edges. The counterpart of the 

discrete crack concept is the smeared crack concept, 

in which a cracked solid is imagined to be a 

continuum. The approach introduced by Rashid 

(1968) starts from the notion of stress and strain and 

permits a description in terms of the stress-strain 

relation. This approach preserves the topology of the 

original finite element mesh and does not impose 

restrictions concerning the orientation of crack 

planes.[2] 

Bangash (1989) has provided a step-by-step 

definition for modeling cracks from their formation 

and propagation to opening and closing under 

stepwise loading. In this definition, where the cracks 

are formed, the tensile stress cannot be directly 

defined in the direction perpendicular to the cracks. A 

concrete element parallel to the crack is considered to 

receive stresses defined based on biaxial or triaxial 

continuity relations in the plane parallel to the 

crack.[3] 

 

 Three methods of concrete damage plasticity, 

concrete smeared cracking and brittle cracking are 

used for crack modeling in Abaqus software. The 

generalized concrete damage plasticity model is the 

Drucker-Prager failure criterion, and it is one of the 

strong theories in reinforced concrete failure 

modeling. The concrete damaged plasticity model 

assumes nonassociated potential plastic flow. The 

flow potential used for this model is the Drucker-

Prager hyperbolic function. Drucker Prager’s (1952) 

rupture criterion is a generalized Mohr-Coulomb 

rupture criterion for all types of soil.[4] The model 

makes use of the yield function of Lubliner et. al. 

(1989), with the modifications proposed by Lee and 

Fenves (1998) to account for different evolution of 

strength under tension and compression.[5][6] in the 

concrete smeared cracking method, when there is no 

reinforcement in significant regions of a concrete 

model, the strain softening approach for defining 

tension stiffening may introduce unreasonable mesh 

sensitivity into the results. Crisfield (1986) discusses 

this issue and concludes that Hiller Borg’s (1976) 

proposal is adequate to allay the concern for many 

practical purposes. Hiller Borg defines the energy 

required to open a unit area of crack as a material 

parameter, using brittle fracture concepts.[7] With 

this approach, the concrete's brittle behavior is 

characterized by a stress-displacement response 

rather than a stress-strain response. Under tension, a 

concrete specimen will crack across some sections. 

After it has been pulled apart sufficiently for most of 

the stress to be removed (so that the elastic strain is 

small), its length will be determined primarily by the 

opening at the crack. 

2. Methodology 

This research has been done with the ABAQUS 

finite element software. The background of the work 

and relevant theories in the field of crack analysis in 

reinforced concrete sections were studied. The results 

of valid laboratory studies in the field of waffle slabs 

were selected and the relevant samples were modeled 

and analyzed. Using the results obtained from the 

numerical analysis, the pattern of crack formation and 

propagation and load-displacement diagram were 

compared with the laboratory samples. Software 

analysis is given in two parts. The first part is about 

validation. To validate the results obtained from 

Abaqus, they were compared with the laboratory 

samples of the article (Behavior of waffle slab 

Nithyambigai G (2021).[8] In the second part, the 

crack formation and propagation pattern and the load-

displacement diagram of numerical samples under 

different loading and support conditions were 
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compared with concrete damage plasticity and 

concrete smeared cracking methods. 

2.1. validation 

Five samples of waffle slabs have been 

investigated in the reference article under the title of 

hollow slab behavior. The slabs have different 

dimensions on a scale of 1 to 5. Samples of waffle 

slabs have been compared with samples of flat slabs. 

Concrete with a compressive strength of 47 MPa and 

a modulus of elasticity of 31877 MPa has been used. 

Rebars with a yield strength of 400 MPa and ultimate 

strength of 600 MPa and modulus of elasticity of 

200000 MPa were used. Table (1) shows the 

mentioned values. 

Table 1  

Concrete mechanical properties 

Material type Compressive 

strength (MPa) 

modulus of 

elasticity (MPa) 

yield strength (MPa) ultimate strength (MPa) 

concrete 47 31877 - - 

rebar 2×  - 400 600 

     

 

 

To simulate the compressive stress behavior of 

concrete in the CDP method, the modified Hogenstad 

(1951) relation has been used.[9] Equations (1) and 

(2) represent the modified Hognestad. 

 

(1)                              

(2)                       

 
Fig.  1. A Uniaxial compressive stress-strain diagram of concrete 

 

In the upcoming research, the modified model of 

Wahalathantri Buddhi et.al, (2011) has been 

used.[10] This model is the modified method of 

Nayal and Rashid. [11] 

 

 
Fig.  2. Wahalathantri tension stiffening model 

 

 
Fig.  3. Uniaxial tensile stress-strain diagram of the sample 

The compressive and tensile failure parameter in the 

CDP method is defined by equation (3). 

(3                  )      ,         
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For the smeared cracking method, the pressure 

values are the same as the plastic failure. For the 

concrete-smeared cracking method, the tension 

stiffening effect must be estimated; it depends on 

such factors as the density of reinforcement, the 

quality of the bond between the rebar and the 

concrete, the relative size of the concrete aggregate 

compared to the rebar diameter, and the mesh. when 

there is no reinforcement in significant regions of a 

concrete model, the strain softening approach for 

defining tension stiffening may introduce 

unreasonable mesh sensitivity into the results. 

Crisfield (1986) discusses this issue and concludes 

that Hillerborg's (1976) proposal is adequate to allay 

the concern for many practical purposes. Hillerborg 

defines the energy required to open a unit area of 

crack as a material parameter, using brittle fracture 

concepts. With this approach, the concrete's brittle 

behavior is characterized by a stress-

displacement response rather than a stress-

strain response. For linear elements, the amount of 

displacement is obtained by multiplying the length of 

the element by the amount of strain coinciding with 

the crack initiation, which is equal to . 

 

2.2. Modeling 

Abaqus finite element analysis software was used 

for the modeling and analysis of samples. Fig. 4. 

Shows a waffle slab modeled in Abaqus. 

 

 
Fig.  4. Schematic view of waffle slab 

 

The waffle slab was modeled with a scale of 1:5 

and dimensions of 90 x 500 x 1020 mm. The beam 

sizes are 60x40mm and were tied in various spacing. 

Beams were tied in an interlocking manner as a grid. 

The reinforcement detailing on the beam in top 1# 

6mmØ and bottom 1# 6mmØ.Stirrups for the beam 

are 30 mm _ 50 mm of 6 mm Ø. The stirrups were 

placed at a distance of various c-c. The top slab is 30 

mm thick and the reinforcing details of 100 mm 

spacing of 8 mm Ø. 

 

 
Fig.  5. Schematic view of rebars 

 

The experimental sample has simple supports and 

the load is concentrated on a 130x130 mm plate. The 

results of the load- displacement of concrete damage 

plasticity and concrete smeared cracking are shown 

in figures (6) and (7). 

 

 
Fig.  6. Comparison of displacement force diagram of concrete 

damage plasticity model with the experimental sample in 

concentrated load mode with simple support 
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Fig.  7. Comparison of displacement force diagram of concrete 

smeared cracking model with the experimental sample in 

concentrated load mode with simple support 

 

By comparing the load-displacement diagram of 

the experimental and numerical samples, it was 

determined that there is a good match between them. 

 

2.3. Boundary condition 

Two types of boundary conditions were modeled. 

One is a simple support and the other is a fixed 

support. Fig.8. and Fig.9. 

 

 
Fig.  8. Simple support condition 

 

 
Fig.  9. fixed support condition 

 

2.4. loading  

Four types of boundary conditions and different 

loading are modeled. waffle slab with simple support 

and concentrated loading, waffle slab with simple 

support and distributed loading, waffle slab with 

fixed support and concentrated loading, and waffle 

slab with fixed support and distributed loading. 

In the Specimens with concentrated load, the load 

is applied as a pressure on a part of the middle of the 

slab with dimensions of 130x130 square mm. In 

specimens with a uniform load, the load is applied 

widely on the upper part of the slab. 

3. Results and discussion 

The results of the load-displacement diagram of 

two concrete damage plasticity and concrete smeared 

cracking methods for the four named specimens are 

shown in Fig.10. to Fig.13. 
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Fig.  10. Comparison of load-displacement of two concrete damage 

plasticity and concrete smeared cracking methods in case of 

concentrated load with simple support 

 

 
Fig.  11. Comparison of load-displacement of two concrete damage 

plasticity and concrete smeared cracking methods in case of 

uniform load with simple support 

 
Fig.  12. Comparison of load-displacement of two concrete damage 

plasticity and concrete smeared cracking methods in case of 

concentrated load with fixed support 

 

 
Fig.  13. Comparison of load-displacement of two concrete damage 

plasticity and concrete smeared cracking methods in case of 

uniform load with fixed support

 

 

In the simple supported concentrated load case, 

both methods are similar up to a loading of 7 KN, but 

after that, the concrete smeared cracking method is 

almost trilinear. For the case of uniform load with 

simple support, the incline of the linear part of the 

diagram of the concrete damage plasticity model is 

higher and this linear function continues up to the 

load of 33.6 KN. However, in the concrete smeared 

cracking method, the performance is still almost 

three-line, and the incline of the initial part is gentler 

and has a linear performance up to a load of 19.2 KN. 

In the case of a concentrated load with fixed support, 

the two methods are in good agreement with each 

other, and the incline of the graphs is almost the 

same. In the concrete damage plasticity method, the 

loading is linear up to the load value of 18 KN and 

this value is equal to 15 KN for the concrete smeared 

cracking method. Due to the problems of 

convergence in the concrete smeared cracking 
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method, it was calculated up to 60 KN. For the case 

of uniform load with fixed supports, the slope of the 

linear part of the graph of the CDP method is higher 

and this linear function continues up to a load of 45 

KN. The concrete smeared cracking method is still 

almost three-linear. The incline of the initial part is 

almost the same as the concrete damage plasticity 

method and has a linear performance up to a load of 

33 KN. In general, the displacement load values of 

the two methods are in good agreement with each 

other for all specimens. 

For the concrete damage plasticity method, tensile 

damage is used as a criterion to identify the first 

crack. The maximum principal plastic strain criterion 

is used to identify the first crack for the concrete 

smeared cracking method. The chart comparing the 

initiation crack load for both methods is given in 

Fig.14. and Fig.15. 

 

 
 
Fig.  14. Initial cracking load for concrete damage plasticity 

 

 
Fig.  15. Initial cracking load for concrete smeared cracking 

4. Conclusions  

The following points were concluded based on the 

values obtained from the model. 

 The concrete smeared cracking method can only 

be used for static analysis, and the analysis 

process based on time increments in this method 

cannot continue until the end, and eventually, too 

many attempts made for this increment will be 

shown. In the concrete smeared cracking method, 

some specimens did not complete the analysis 

until the end, which caused less accuracy in the 

obtained answer. 

 The initial crack load for waffle slab with simple 

support and concentrated loading, waffle slab with 

fixed support and concentrated loading, waffle 

slab with simple support and uniform loading, and 

waffle slab with fixed support and distributed 

loading, respectively, for concrete damage 

plasticity model 10.18,15.2, 34.2, 44 KN has been 

obtained. And for concrete smeared cracking 

model 6.18, 10.4, 42.19, and 70.99 KN has been 

obtained. 

 The reason for the huge difference in the initial 

cracking load in the specimen of fixed support 

with uniform load is the lack of definition of 

tensile damage in the concrete smeared cracking 

method. Because the initial crack in the concrete 

damage plasticity method was determined using 

the tensile damage criterion at a load of 44 KN, 

while in the concrete smeared cracking method, 

the crack location is determined only through the 

maximum principal plastic strain. 

 The load-displacement diagram of the two 

methods is almost identical in the linear region, 

but in the non-linear region, the concrete smeared 

cracking method is almost trilinear. 

 The compatibility of the load-displacement 

diagram of the two methods is more in the case of 

fixed support. 
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Abstract 

In this research, recycled concrete aggregates were used instead of natural aggregates in concrete, and then the recycled 

concrete was reinforced with polypropylene fibers.The purpose of this study is to first investigate the effect of replacing 

recycled aggregates with natural aggregates on the mechanical resistance of concrete and then to investigate the effect of 

adding polypropylene and micro silica fibers on concrete containing natural and recycled aggregates in two water-to-cement 

ratios of 0.4 and 0.55. The results of this research show that by replacing recycled aggregates with natural aggregates, the 

compressive and tensile strengths of concrete have decreased significantly. Also, the results show that the addition of 

polypropylene fibers with a weight ratio of 1.5% had a significant effect in compensating the reduction of compressive and 

tensile strengths in recycled concrete. It should be mentioned that the samples containing microsilica and polypropylene fibers 

in all mixing designs (natural and recycled aggregates) had higher resistance values (tension and pressure) than the samples 

without microsilica. Also, concrete samples with a water-cement ratio of 0.4 had higher compressive strengths than concrete 

samples with a water-cement ratio of 0.55.  © 2017 Journals-Researchers. All rights reserved. 

(DOI:https//doi.org/10.52547/JCER.4.4.20) 
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1. Introduction 

In recent years, the use of concrete has grown 

significantly around the world, and the use of 

concrete in the construction industry is increasing 

day by day.With this increasing trend, in the not-so-

distant future, we will definitely face a shortage of 

mineral resources used to prepare natural 

aggregates, and we must inevitably seek to find a 

suitable alternative for natural aggregates [1, 2]. 

Due to the limitation of the life of concrete 

structures and the destruction of concrete structures 

due to natural factors such as earthquakes, floods, 

storms, etc., we are always faced with a large 

amount of waste and damaged concrete, whose 

accumulation in landfills causes many problems for 

the environment. Life has created [3, 4]. Protecting 

the environment and preventing the speed of 

reducing the destruction of natural resources is one 

of the basic measures in the direction of sustainable 
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development. Continuous industrial development 

will bring serious problems due to the burial of 

construction waste and destructive concrete. A 

solution to solve this problem is to use these 

destructive concretes as recycled concrete 

aggregates, as a substitute for natural aggregates, to 

try to preserve the environment in addition to 

reducing the use of natural resources [5]. Research 

into the reuse of destroyed concrete and building 

materials as aggregates for new concrete dates back 

to the end of World War II. For the first time, the 

recycling of waste concrete caused by destruction 

and construction after World War II in Germany 

was done by Mr. Khalaf and his colleagues. Since 

then, extensive research work has been done in 

developed countries on the possibility of reusing 

recycled concrete in new concrete [6]. According to 

some studies, the use of recycled aggregates with a 

replacement percentage of 20-30% does not have a 

negative effect on the physical and mechanical 

properties of concrete made from these aggregates 

[7-11]. On the other hand, if the replacement 

percentage is 100%, the compressive, tensile and 

bending strengths of concrete will decrease by 20%, 

which can be attributed to the heterogeneity of 

recycled materials [12]. 

Also, research has shown that by increasing the 

use of recycled concrete materials (sand) instead of 

natural materials, the amount of water absorption of 

samples increases [13]. According to the research 

done, by increasing the amount of waste concrete 

aggregates (recycled sand) instead of natural 

aggregates in new concrete, a decrease in 

compressive, tensile and bending strength as well as 

an increase in 24-hour water absorption of concrete 

is observed [14]. 

According to the research done by Gomez and 

his colleagues, concrete that is composed of 100% 

recycled concrete sand will have more porosity than 

normal concrete, and from the age of 28 days to 90 

days, the porosity of the samples will decrease in 

both types of concrete, and the amount of this 

reduction will be higher in recycled concrete [15]. 

Although the use of recycled concrete aggregates 

in the production of fresh concrete has an 

unfavorable effect on the physical and mechanical 

properties of concrete. The use of fibers in concrete 

and the production of fiber concrete has made it 

possible to create concrete with ductility and higher 

energy absorption ability and with low cracking 

development under the load and stresses resulting 

from shrinkage and heat [16]. 

Fiber concrete is a cement concrete reinforced 

with distributed fibers. In fiber concrete, thousands 

of small fibers are dispersed and randomly mixed in 

concrete during mixing, and therefore we have 

improvement of concrete properties in all 

directions. Fibers help to improve concrete ductility, 

concrete tensile strength, fatigue resistance, impact 

resistance and shrinkage cracks [17]. Fiber-

reinforced concretes have been expanded because 

they can increase hardness, bending strength,and 

tensile strength depending on their type [18].  

Steel, polymer, glass and carbon fibers are 

among the artificial fibers that are used today. 

Polypropylene is a thermoplastic polymer that is 

one of the cheapest and most widely used fibers in 

the concrete industry. These fibers have a high 

resistance to most corrosive environments, 

including alkaline, acidic and salty, and this feature, 

along with low density and moisture absorption, has 

made it the most widely used polymer fiber used in 

concrete. Propylene is a derivative of petroleum and 

is cheaper than other raw materials used for 

polymerization and formation of synthetic 

Introduction 

fibers. Polypropylene fibers are prepared in the 

form of a linear polymer through the polymerization 

of propylene, and it is called PP for short [19]. 

 Protection of the environment and primary 

resources, lack of depot and disposal of construction 

waste and the high cost of maintenance of 

construction waste are important factors to increase 

the attention of countries in the world in using 

concrete waste as materials used in concrete 

production [20]. 

Therefore, the issue of concrete waste recycling 

is considered important and necessary from an 

environmental point of view and according to the 

mentioned problems and the necessity of using 

recycled concrete, it will also be necessary to study 

the changes in the properties of this consumable by 

using fibers and replacing recycled aggregates. 

Therefore, the purpose of this study is to investigate 

the usability of polypropylene fibers in concrete 
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made from recycled aggregates, which are mainly 

used in concrete. 

 

2- Research method 

 

In this research, recycled concrete aggregates as 

fine and coarse aggregates have replaced natural 

aggregates 100%. Also, polypropylene fibers with 

volume percentages of 0 and 1.5 have been used in 

the designs. The concrete mixing plan was made by 

considering the maximum nominal amount of 

aggregate of 19 mm for water-cement ratios of 40% 

and 55%. Table 1 shows the amount of materials 

used in one cubic meter of concrete for different 

mixing plans. 

Considering that the use of waste materials in 

concrete will reduce the characteristics of hardened 

concrete [21] and the use of pozzolanic minerals 

such as micro silica can improve some of this 

reduction [22], In this research, in order to improve 

the properties of concrete with recycled aggregates, 

micro silica was used at the rate of 9 percent by 

weight of cement. Also, super-lubricant has been 

used to reduce water consumption and ensure the 

required efficiency of concrete. After making 

concrete, in order to determine the rheological 

properties of fresh concrete, slump flow test, to 

check the mechanical properties of concrete, tests of 

hardened concrete including compressive and 

tensile strength were performed on the samples. The 

complete specifications of the concrete plans made 

are stated in Table No. 1. 

 
 

Table 1- Specifications of mixing plans 

 

super 

lubricant 

 

silica 

fume 

 

 

Water 

kg/m3 

 

Cement 
 kg/m3 

sand (0 

to 4.75 

mm) 

kg/m3 

 

Sand 

(4.75 to 

19 mm) 

 kg/m3 

 

recycled 

concrete 

 

 

Polypropylene 
 

Design 

name 

 

Water 

to 

cement 

ratio 

1% 40 160 360 743.3 1024.6 0% 0% 
Pp0-

rc0 

 

40% 

1% 40 160 360 743.3 1024.6 0% 1.5% 
Pp1.5-

rc0 

1% 40 160 360 743.3 925.934 100% 0% 
Pp0-

rc100 

1% 40 160 360 743.3 925.934 100% 1.5% 
Pp1.5-

rc100 

0.8% 0 192.5 350 732.062 1009.125 0% 0% 
Pp0-

rc0 

 

55% 

0.8% 0 192.5 350 732.062 1009.125 0% 1.5% 
Pp1.5-

rc0 

0.8% 0 192.5 350 732.062 911.950 100% 0% 
Pp0-

rc100 

0.8% 0 192.5 350 732.062 911.950 100% 1.5% 
Pp1.5-

rc100 

2-1- Consumable materials: 

In this research, the materials used in the concrete 

mixing plan include water, cement, natural and 

recycled crushed aggregates, polypropylene fibers, 

super-lubricant and micro-silica, whose general 

characteristics are as follows: 

2-1-1- Cement: 

The cement used in this research to make all mixing 

designs is type 2 portland cement from Neka 

company. The physical and chemical characteristics 

of this cement are according to Table 2 and 3: 
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Table 2- Chemical characteristics of used cement 

chemical mixture 2SiO 3O2Fe CaO 3O2Al MgO O2K O2Na 3SO -Cl 

Percentage 19.8 3.18 64.35 4.7 1.27 0.64 0.35 2.49 0.008 

 
Table 3- Physical characteristics of used cement 

Compressive strength (MPa) /gr)2Specific surface (cm )3Density (kg/m 
435 3020 3150 

 

2-1-2- Aggregate 

Considering that approximately 75% of the volume 

of concrete is made up of aggregates, to prepare the 

concrete mixing plan, it is necessary to check the 

specifications of these materials. In this research, 

two types of aggregates in the size of sand (0 to 

4.75 mm) and sand has been used in two categories: 

pea (4.75 to 9.5 mm) and almond (9.5 to 19 mm). 

The natural aggregates (NA) used in this project 

were obtained from a company in the Marzanabad. 

Recycled concrete aggregates (RCA) used in this 

research were prepared from broken materials from 

a stone crushing plant around the city of Chalous 

with a maximum grain size of 19 mm. 

Preparation operation and Sieving of recycled 

aggregate it has been done in the stone crusher of 

this factory. After crushing recycled concrete by 

jack and stone crusher machines, the obtained 

aggregates were granulated after passing through 

the sieve and complying with the requirements of 

ASTM C33 regulations and it was used in the 

design of concrete mixes [23]. The granulation 

curve of natural and recycled aggregates is 

according to Figure 1. Figure 1 shows the range of 

coarse grain, fine grain and natural and recycled 

aggregate curve. The physical characteristics of 

natural and recycled aggregates used in this 

research are also presented in Table 4. According to 

Table 4, natural aggregates have lower specific 

gravity and water absorption percentage than 

recycled aggregates. 

 

 

Figure 1- Granulation curve of consumed 

aggregates (natural and recycled) 

 

2-1-3- Water: 

water used to make concrete samples, the drinking 

water of Chalous city has a specific gravity of 1000 

kg/m3, which is suitable for making concrete. The 

water used in the sample processing pond is non-

hard water with 40 grams of lime dissolved per 

cubic meter. 

2-1-4- Consumable fibers (polypropylene): 
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The fibers used in this research include 

polypropylene fibers, whose physical and 

mechanical characteristics are shown in Table 5.  

 

Table 4- Physical characteristics of natural and 

recycled aggregates 

Materials 
(3kg/m) 

Density 

Water 

absorption 

percentage 

(mm )

Aggregate 

size 

Natural 

gravel 2720 1.5 6-19 

Recycled 

gravel 2620 5.5 6-19 

Natural 

sand 2651 2.5 0-6 

Recycled 

sand 2230 7.5 0-6 

 

 

Figure 2- Polypropylene fibers used in this research 

Table 5- Physical characteristics of polypropylene 

fibers 

(3g/cm) Density 0.91 

(mm)Length  18 

(mm)Diameter  0.2 

 (L/D )Length to diameter ratio 90 

 

This fiber is simple. Figure 2 shows a view of the 

polypropylene fibers used in this research. 

2-1-5- Super lubricant: 

In this research, light brown polycarboxylate-based 

super-lubricant was used to ensure optimal concrete 

efficiency and reduce water consumption. 

According to the proposal of its manufacturer, the 

consumption of this material in concrete is 1 percent 

by weight of cement, which was used in this 

research in two ratios of 0.8 and 1 percent. 

2-1-6- Micro silica:  

Considering that the use of waste materials in 

concrete will reduce the properties of hardened 

concrete and the use of pozzolanic minerals such as 

micro silica can improve some of this reduction. In 

this research, in order to improve the properties of 

concrete with recycled aggregate, micro silica was 

used at the rate of 9 percent by weight of cement 

[22]. The chemical characteristics of micro silica 

used in the mixing plans of this research are 

according to Table No. 6 [37]. 

2-2- Steps of making and processing concrete 

samples: 

The process of making fiber concrete was similar to 

concrete without fibers, with the difference that due 

to the fact that adding fibers requires spending some 

time, first, the aggregates were added to the mixer 

within 3 minutes, and the fibers were manually 

added to the mixture while the mixer was working, 

and by changing the angle of the mixer and 

monitoring the mixture, an attempt was made to 

distribute the fibers evenly in the concrete.  

In all stages of concrete making, homogeneous and 

uniform concrete was made by changing the 

rotation angle of the mixer axis. After emptying the 

mixer, the concrete is first turned over with a 

shovel, and immediately after that, the slump test 

was performed. According to the measurements, the 

amount of fresh concrete slump is 10 cm. Also, the 

temperature of fresh concrete is 27 to 29 degrees 

Celsius and the temperature of processing water is 

20 to 24 degrees Celsius. 
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Table 6- Chemical characteristics of micro silica 

Chemical mixture 2SiO 3O2Fe CaO 3O2Al MgO O2Na 3SO 
Percentage 0.19 0.829 0.44 0.748 0.902 0.294 0.19 

 

After this stage, concrete was poured into lubricated 

cubic, cylindrical and prismatic molds and placed in 

laboratory conditions for 24 hours to harden.  

After that, we removed the samples from the mold 

and placed them in the water basin and they were 

kept in the laboratory environment at a temperature 

of 20 to 24 degrees Celsius for processing and 

testing at the desired ages.  

Compressive and tensile strength tests were 

performed on concrete made at the ages of 5, 7, 28 

and 90 days. 3 samples from each mixing plan were 

tested. The complete specifications of the plans are 

presented in Table 1. The compressive strength test 

was performed with 100x100x100 mm cubic 

samples according to the standard [24]. Cylindrical 

samples (150 x 300 mm) were also used to 

determine the tensile strength [25, 26]. 

3- Results 

3-1- Slump 

The results obtained from the fresh concrete test are 

shown in Table 7. The materials are at the workshop 

humidity level during mixing and are not in the 

SSD state, on the other hand, the water absorption 

of recycled materials is much higher. Therefore, in 

order to unify the consideration of water in mixing 

plans, the initial water of recycled mixing plans 

should be considered higher according to the 

consumption of recycled materials. As a result, at 

the beginning of mixing, designs containing 

recycled materials that have a higher initial water  

 

 

content have higher efficiency. Therefore, 

according to this issue, smaller amounts of super-

lubricant should be used for recycled designs in 

order to achieve almost the same efficiency of 

mixing designs and to prevent the concrete from 

dewatering and the separation of concrete particles 

[27]. 

In this research, the method presented in the 

ASTM-C143 standard [28] was used to determine 

the slump of fresh concrete. 

According to the results, the replacement of 

recycled aggregates with natural aggregates has 

reduced the slump, which is due to the increase of 

voids in the recycled aggregates and, as a result, the 

reduction of the specific weight of recycled 

concrete [29]. 

Also, according to the results of Table 7, the use of 

polypropylene fibers has reduced the slump in 

samples containing natural and recycled aggregates 

and in equal conditions, the amount of slump in the 

samples containing polypropylene fibers and 

recycled aggregates has decreased to a greater 

extent than the samples containing natural 

aggregates and polypropylene fibers. In the 

conducted studies, it was determined that the reason 

for this could be the interference of the effect of 

fibers in creating voids and voids in recycled 

aggregates [30].  

The addition of micro silica to the laboratory 

samples of this research has reduced the slump 

compared to the samples without micro silica. In 

general, micro 

silica in concrete samples causes an increase in 

slump. The reason for this could be that micro silica 

is basically a strong pozzolanic material that 

increases the adhesion of cement to aggregates and 

prevents the water absorption of aggregates and 

thus increases slump [31, 32]. It should be noted 

that in this research, different water-cement ratios in 

the mixing designs may have caused slump 

reduction in samples containing micro silica.
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Table 7- Slump test results 

 

3-2- Compressive resistance 

Compressive strength is one of the most important 

parameters for measuring the behavior of concrete. 

From the past until now, many researchers have 

improved the compressive strength of concrete by 

adding different additives and fibers. In this 

research, by combining polypropylene fibers in 

concrete containing natural and recycled aggregates, 

the compressive strength of concrete at the ages of 

5, 7, 28 and 90 days has been investigated.  

According to Table 8, by replacing recycled 

aggregates instead of natural aggregates, the 

compressive strength has decreased, the possible 

reason for this is that, firstly, waste concrete 

aggregates have high water absorption, secondly, 

recycled concrete aggregates have low density and 

thirdly, old mortar (mortar on recycled concrete 

aggregate) attached to recycled concrete aggregate 

has a weaker surface than the surface of natural 

aggregate. It should be noted that most of the 

studies conducted in the field of concrete with 

recycled concrete aggregate have a consensus 

opinion on the reduction of compressive strength 

[33-35]. Also, by using 1.5% of polypropylene 

fibers, the compressive strength has increased 

somewhat. As it is clear from the results, the highest 

amount of compressive strength was obtained in the 

sample containing natural aggregates and 

polypropylene fibers, and the lowest amount of 

compressive strength was obtained in the samples 

without fibers and containing recycled aggregates. 

Also, the results of the compressive strength in this 

research show that with the passage of time, the 

compressive strength of all the examined samples is 

increasing and the maximum strength of the 

samples was achieved in 90 days. Also, the highest 

rate of growth of compressive strength has taken 

place from 28 to 90 days. Diagrams 1 and 2 

respectively show the compressive strength of the 

samples investigated in this research in two water-

to-cement ratios (0.4 and 0.55). Also, micro silica 

pozzolanic material has been used in concrete 

samples made with a water-cement ratio of 0.4. As 

it is clear from the results, by adding micro silica to 

concrete samples, due to the strong pozzolanic 

property of micro silica, which has increased the 

adhesion of cement to aggregates, the compressive 

strength has increased [36]. 

 

cm))Slump silica 

fume 
super 

lubricant 

Percentage of 

polypropylene 

fibers 

recycled 

concrete 
Design name 

 
Water to 

cement ratio 

9 40 1% 0% 0 Pp0-rc0 

 

40% 
7.5 40 1% 1.5% 0 Pp1.5-rc0 

7 40 1% 0% 100 Pp0-rc100 

6.5 40 1% 1.5% 100 Pp1.5-rc100 

9.5 0 0.8% 0% 0 Pp0-rc0 

 

55% 
8.2 0 0.8% 1.5% 0 Pp1.5-rc0 

8 0 0.8% 0% 100 Pp0-rc100 

7 0 0.8% 1.5% 100 Pp1.5-rc100 
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Table 8- Compressive strength of fiber concrete samples containing natural and recycled aggregates 

 

Chart 1- Compressive strength of concrete samples with 0.4 water-cement ratio and containing micro silica 

 

The results of the tests show that the compressive 

strength only in the mixture of 1.5% fibers in all 

water-cement ratios, compared to the control 

sample, has resistance growth in all periods. But in 

other mixtures, compared to the control sample, the 

amount of compressive strength has decreased, and 

with the passage of time and increasing age of the 

samples, the difference has decreased. This issue 

can be explained according to the activity of 

pozzolan used in this research.

 

90 days 

Mpa)) 
28 days 

Mpa)) 
7 days 

Mpa)) 
5 days 

Mpa)) 
recycled 

concrete 

Percentage of 

polypropylene 

fibers 
Design name 

Water 

to 

cement 

ratio 

44.358 28.324 19.874 15.320 0 0% Pp0-rc0 

 

40% 

46.214 30.145 21.247 17.514 0 1.5% Pp1.5-rc0 

43.751 24.178 13.247 10.245 100 0% Pp0-rc100 

44.971 25.386 14.796 13.547 100 1.5% Pp1.5-rc100 

43.744 27.014 18.357 13.850 0 0% Pp0-rc0 

55% 
44.974 29.746 20.001 15.347 0 1.5% Pp1.5-rc0 

42.775 22.159 11.389 9.745 100 0% Pp0-rc100 

43.952 23.1 13.763 12.478  100 1.5% Pp1.5-rc100 
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Chart 2- Compressive strength of concrete samples with a water-cement ratio of 0.55 and without micro silica 

 

The strength loss factor in the mixtures compared to 

the control sample can be attributed to the excessive 

use of recycled concrete compared to the optimal 

amount. Of course, declaring a definite opinion is 

subject to more research and a more detailed 

examination of the microstructure of concrete. 

3-3- Tensile strength 

This test, which is also known as the Brazilian test, 

was carried out using standard cylindrical samples 

with a height of 30 cm and a diameter of 15 cm for 

8 mixing designs at the ages of 5, 7, 28 and 90 days 

by dividing the concrete samples into two halves. 

Table 9 and graphs 3 and 4 show the tensile test 

results. As it is clear from the results, by replacing 

recycled aggregates instead of natural aggregates, 

the tensile strength of concrete has decreased, and 

the possible reason for this is that, firstly, waste 

concrete aggregates have lower resistance than 

natural aggregates, and also the presence of voids in 

recycled aggregates. It is another factor that can 

reduce the tensile strength in concrete samples 

made from these aggregates. It should be noted that 

most of the studies conducted in the field of 

concrete with recycled concrete aggregate have a 

consensus opinion on the reduction of tensile 

strength [33-35]. Also, the results show that by 

using 1.5% of polypropylene fibers, the tensile 

strength has increased to some extent. As it is clear 

from the results, the highest amount of tensile 

strength was obtained in the sample containing 

natural aggregates and polypropylene fibers, and the 

lowest amount of compressive strength was 

obtained in the samples without fibers and 

containing recycled aggregates. 

Samples of concrete with fiber and without fiber 

after tensile strength test are shown in Figure 3. As 

it is clear from this figure, in concrete without 

fibers, after the test, the sample is completely 

separated and broken. But in fiber concrete, after 

testing on concrete samples, only small cracks can 

be seen and the concrete has maintained its 

cohesion and does not break apart. This article 

shows that fiber concrete does not crumble and 

break when broken and fibers play an important role 

in controlling concrete cracking. In fact, the fibers 

prevent their development and expansion by 

bridging the cracks. Therefore, the addition of fibers 

improves the brittle behavior of concrete. 

Also, the results of tensile strength in this research 

show that with the passage of time, the amount of 

tensile strength is increasing in all the examined 

samples, and the maximum strength of the samples 

was achieved in 90 days. Also, the highest growth 

rate of tensile strength was observed from 28 to 90 

days. Graphs 3 and 4 respectively show the tensile 

strength of the samples investigated in this research 

in two water-to-cement ratios (0.4 and 0.55). Also, 

micro silica pozzolanic material has been used in
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Table 9- Tensile strength of fiber concrete samples containing natural and recycled aggregates 

 

 

Maintaining the cohesion of concrete and controlling 

cracking by means of fibers 

 

 

 

Figure 3- Comparison of recycled concrete with fibers (right side) and without fibers (left side) in terms of 

cracking and failure 

concrete samples made with a water-cement ratio of 

0.4. As it is clear from the results, by adding micro 

silica to concrete samples, the tensile strength has 

increased due to the strong pozzolanic property of 

micro silica which has increased the adhesion of 

cement to aggregates [36]. 

4 - Conclusion 

The main goal of this research is investigating the 

use of recycled aggregates obtained from the 

destruction of concrete in the construction of new 

concrete has been for the protection of natural 

resources and sustainable development, Therefore, 

in this regard, in this research, we investigated and 

compared the mechanical properties of concrete 

containing natural and recycled concrete aggregates 

90 days 

Mpa)) 

28 days 

Mpa)) 

7 days 

Mpa)) 

5 days 

Mpa)) 
recycled 

concrete 

Percentage of 

polypropylene 

fibers 
Design name 

Water to 

cement 

ratio 

3.43 2.53 1.70 1.40 0 0% Pp0-rc0 

 

40% 

3.64 2.88 2.11 2 0 1.5% Pp1.5-rc0 

2.77 2.01 1.59 1.41 100 0% Pp0-rc100 

2.89 2.28 1.73 1.54 100 1.5% Pp1.5-rc100 

3.35 2.5 1.60 1.33 0 0% Pp0-rc0 

 

55% 

3.54 2.7 2 1.88 0 1.5% Pp1.5-rc0 

2.69 2 1.41 1.10 100 0% Pp0-rc100 

2.79 2.14 1.67 1.30 100 1.5% Pp1.5-rc100 
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and polypropylene fibers along with micro silica in 

two water-to-cement ratios of 0.4 and 0.55. 

According to the current investigation regarding the 

use of recycled aggregates and polypropylene fibers 

and micro silica, the following results have been 

obtained: 

- Although the efficiency of concrete decreases due 

to higher water absorption by recycled aggregates 

and the use of polypropylene fibers, can be 

compensated by using materials such as super-

lubricants. Considering that polypropylene fibers 

also improve the behavior of structural concrete. 

 

Diagram 3- Tensile strength of concrete samples with 0.4 water-cement ratio and containing micro silica 

 

Diagram 4- Tensile strength of concrete samples with a water-cement ratio of 0.55 and without micro silica
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- If recycled aggregates are used, the compressive 

and tensile strength of the samples decreases, but 

the addition of fibers and micro silica improved the 

tensile and compressive strength performance to 

some extent. 

- With the passage of time in all the mixing plans, 

the compressive and tensile strength of the samples 

increased, and the greatest increase in strength was 

from the age of 28 to 90 days. 

- Observations related to the failure of concrete 

tensile samples showed that the presence of fibers in 

concrete delays the initial cracks and prevents the 

crushing of concrete, which is a brittle material by 

nature. In fact, the fibers in concrete bridge the 

cracks and prevent the crack from spreading. 

- Considering the results of this research in the 

direction of protecting natural resources and 

sustainable development, fiber recycled concrete 

can be used in applications where tensile and 

compressive strength and concrete cracking control 

are important. Among these cases, we can mention 

the paving of roads, runways, industrial floors, 

construction of prefabricated building parts 

including canopy panels, concrete of curved 

surfaces such as tunnels. 
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Abstract 

In general, crisis management means purposefully pushing the progress of affairs to a controllable routine and expecting 

things to return to the pre-crisis conditions as soon as possible. In short, crisis management is all actions related to prevention 

and risk management, organization and management of resources needed in response to crisis. Crisis management is an 

applied science that, through systematic observation of crises and their analysis, seeks to find tools that can be used to prevent 

the occurrence of crises or, in case of occurrence, in terms of reducing the effects of the crisis, necessary preparation and rapid 

relief. and took action to improve the situation. The main purpose of this research is modern crisis management in the 

probability of an earthquake based on risk matrix by locating vulnerable areas in Lahijan city using AHP, TOPSIS and SWOT 

analysis. © 2017 Journals-Researchers. All rights reserved. (DOI:https//doi.org/10.52547/JCER.4.4.33) 

"Keywords: Crisis management, Feasibility study, AHP hierarchical analysis."   

——— 
* Corresponding author. Tel.:+98-935-289-1712; e-mail: hadiskheirkhah87@gmail.com . 

1. Introduction 

Today's life continues while the shadowing of 

uncertainty on all matters has completely transformed 

the decision-making process for various reasons. 

Technical changes along with other environmental 

changes of organizations have caused the emergence 

of new scientific ideas in the field of risk and its 

management. In management decisions, there is no 

topic more necessary and important than risk 

assessment and crisis management. Engineers, 

contractors and designers in the implementation of 

construction projects usually try to create a suitable 

combination between risk and return, so that they can 

minimize the risk by planning and managing it. In 

fact, it is not about finding an acceptable investment 

solution, but rather determining a suitable situation 

for crisis management. In fact, risk is an integral part 
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of people's and organizations' lives, and all decision-

making situations face a variety of risks. Taking risk 

is not bad in itself, the important thing is not to be 

exposed to risk for no reason. Human life is 

intertwined with the acceptance of risk in such a way 

that perhaps the absolute lack of risk-taking causes 

human life to be placed in a lower order than the 

current level. Also, the traditional attitude towards 

advanced crisis management was to believe that crisis 

management means putting out the fire; This means 

that crisis managers sit waiting for things to break 

down and after the destruction occurs, they try to 

limit the damage caused by the breakdowns. But 

recently, the attitude towards this word has changed. 

Based on the latter meaning, a set of practical plans 

and plans should always be prepared to face possible 

future developments within organizations, and 

managers should think about possible future events 

and prepare to face unforeseen events; Therefore, 

crisis management emphasizes the necessity of 

regular forecasting and getting ready to face those 

internal and external issues that seriously threaten the 

reputation, profitability, or life of the organization. It 

should be noted that crisis management is different 

from public relations management. The public 

relations manager tries to make the organization look 

good while the crisis manager tries to keep the 

organization in a good position in difficult situations. 

Crisis management as a scientific discipline is 

generally placed in the field of strategic management 

and is specifically related to strategic control topics. 

Urban communities need to maintain security, 

psychological comfort, lack of disturbance and 

structural disorder, and in terms of the psychology of 

urban environments, they demand optimal 

organization in order to achieve the goals and 

strategies of the city, against any danger. Also, 

evaluating the course of evolution and how the 

management practices of the city have changed 

during different historical periods can determine the 

relativity of the city's approach in understanding the 

events that may occur in the future as accurately as 

possible. 

2. Method of Study 

This research is one of the quantitative researches 

and in terms of its purpose, it is one of the 

exploratory researches, because it seeks the role of 

advanced crisis management in providing relief 

during an earthquake by using the location of 

vulnerable areas based on the risk matrix (case study: 

Lahijan city). Also, due to the fact that the 

information of the investigated community was 

collected using interviews, this research is a survey 

research and in terms of the type of study, it is a case 

study. 

The method of this research is analytical and 

descriptive and the comparative method will be used 

to summarize the findings and determine the 

vulnerable points. The tools of this research will 

include documentation and library resources and the 

preparation of a researcher-made questionnaire. This 

research will first examine the degree of vulnerability 

of the studied area during an earthquake, and by 

collecting the questionnaire and determining the 

criteria affecting the degree of damage using the 

series method. AHP levels are taken into 

consideration and location of vulnerable points using 

SWOT analysis technique will determine weaknesses 

and strengths, opportunities and threats and 

strategies, policies or measures will be presented to 

reduce its vulnerability and advance aid delivery. 

3. Analysis Proseccos 

In this research, the weighting model of the multi-

criteria method has been used, in which the factors 

that are effective in determining the location are 

determined first. 

In the next step, these indicators are quantified. In 

the third stage, points are given to these factors based 

on their quantity. In the fourth step, in order to obtain 

the total score of each area, instead of adding up the 

scores of each factor, one can assign a weight to each 

of them, and then calculate the weighted sum of the 

total score. 

In other words, after determining the effective 

factors: 

      • Each factor is assigned a weight. 
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      • The degree of location selection is known for 

each factor. 

      • The weight distribution of the factors is 

calculated among the resulting accumulation. 

      • Weighted density is obtained for each area. 

      • The place or places that have the maximum 

weight are chosen as the right place. 

Also, based on the primary and secondary data, 

first the spatial data digitized from the existing maps 

in the storage and maintenance system, then the 

required non-spatial (descriptive) data is attributed to 

each condition. In this way, by using the stored 

spatial database and non-spatial database, the 

geographic information system is produced and the 

possibility of retrieving, deleting and adding, 

classifying and analyzing data using factors that are 

effective in choosing a place is provided. becomes 

The result of the analysis is the production of a map 

in which suitable areas are specified.

 

 

Figure-1- Schematic design of positioning model 
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4. Data Analysis: 

In the multi-factor evaluation, different physical 

factors and economic and social conditions of the 

region are used to determine the intended use. Land 

suitability for a specific type of use can be 

determined by evaluating multi-factor techniques. 

Suitability of use for a specific use depends on the 

characteristics of that place and its topological 

relationship with its environmental factors. The most 

important characteristic of the multi-factor evaluation 

method is the method of combining and analyzing 

information, considering that in the multi-factor 

evaluation, different parameters are analyzed, so this 

increases the complexity of the evaluation process. 

Based on this, geographic information is 

increasingly used by specialists in the identification 

of terrestrial phenomena and the analysis of the 

obtained information. 

The geographic information system can be 

considered as that part of database management that 

provides both technology and software for obtaining, 

storing and retrieving, processing and displaying 

spatial information. The geographic information 

system widely displays available information on two-

dimensional maps and focuses on equipment and 

facilities to integrate and analyze information. 

The geographic information system provides tools 

to support spatial information to evaluate multiple 

factors in order to reach a logical and justifiable 

decision. 

The use of multi-agent techniques in the 

geographic information system is based on a logical 

method that provides the necessary tools for analysis 

and planning. 

Using the multi-factor evaluation method requires 

operations, the most important of which are: 

1- Identification of effective factors in evaluation 

2- Standardizing the values in the maps of the 

evaluated factors 

3- Determining the coefficients of effective factors 

in evaluation 

4- Method of analysis of effective factors in 

evaluation. 

Standardizing data means equalizing the range of 

data change between zero and one [1 and 0]. 

Effective factors in evaluation usually have a 

different nature from each other and their 

measurement criteria are different from each other. 

In order to effectively use all the factors in the 

analysis and establish a relationship between them, 

the existing values are normalized to each of the 

effective factors in the evaluation under a special 

rule, which is called data standardization. 

For this purpose, methods similar to those used in 

satellite data processing to increase the contrast 

between classes and improve the quality of 

information are used. AHP, TOPSIS and SWOT 

methods were used in this research. 

5. Hierarchical AHP analysis 

Hierarchical analysis process is one of the most 

comprehensive systems designed for decision making 

with multiple criteria. At the same time, this 

technique provides the possibility of formulating the 

problem hierarchically, creating a combination of 

different quantitative and qualitative criteria [1]. 

AHP is a mathematical method for analyzing 

complex problems with multiple criteria. This 

method was first presented by Thomas L. Saaty. This 

process begins with the identification and 

prioritization of decision making elements. These 

elements include goals, criteria, characteristics and 

possible options that are used in prioritization [2]. 

In this method, after creating a tree or hierarchical 

structure of decision-making elements (objectives, 

criteria and options), a two-by-two comparison of 

each level of elements is made, thus determining the 

weight of each element in a cluster or level and in 

order to ensure the stability of the determined weights 

to achieve the desired goal, calculate their 

compatibility rate. 

Hierarchical analysis is a process that can easily 

reflect the change of environmental factors and 

obtain appropriate results. This process helps the 

members to identify the variables that are subject to 

drastic changes and also facilitates the calculation of 

these changes [1]. 

Analysis is very compatible with the way of 

thinking and mental processes of humans and can
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Table-1- 9 hourly quantitative scale for binary comparison of options 

Score 

 (severity of importance) 

 

Definition explain 

1 Equal importance In achieving the goal, two criteria are equally important 

3 A little more important Experience shows that i is slightly more important than j to achieve the goal. 

5 more important To achieve the goal, i is more important than j. 

7 Much more important To achieve the goal, i is much more important than j. 

9 Absolute importance The much greater importance of i than j has been definitely proven. 

  When there is an intermediate state 

 

 

Table-2- The matrix of the main research criteria 

Criteria Weather and climate 

conditions 

Features of the shape of 

the earth 

Socio-economic 

conditions 

Weather and climate conditions 1 3 1/5 
Features of the shape of the earth  1 1/5 

Socio-economic conditions   1 
 

 

take advantage of people's verbal opinions and 

judgments during decision-making and make 

decisions individually and in groups [3]. In the 

hierarchical analysis model as a decision-making 

model, one of the main sources of analysis data is the 

opinion of the decision-makers themselves [4]. 

Up to this stage, the importance coefficients of 

criteria and sub-criteria and options have been 

determined in relation to the purpose of the study. At 

this stage, the "final score" of each sub-criteria will 

be determined by combining the importance 

coefficients. For this purpose, the hourly "Principle of 

Hierarchical Composition" will be used, which leads 

to a "Preference Vector" considering all judgments at 

all hierarchical levels. According to the analysis done 

by Expert Choice software, the relative weight of 

each risk is calculated according to the probability of 

an earthquake. 

The "final score" of each option is determined by 

combining the importance coefficients of the criteria 

in relation to the purpose of the study, as well as the 

importance coefficients (score) of the options in 

relation to each of the sub-criteria. The method of 

determining the final score of options is based on the 

hourly "principle of hierarchical composition" and 

using importance coefficients that lead to a "priority 

vector" considering all judgments at all hierarchical 

levels: 

 = final score (priority) 

of option j 

where in: 

Wk= importance coefficient of criterion k 

Wi= importance coefficient under criterion i 

gij= score of option j in relation to sub-criterion i 

Offensive strategies (S-O): are strategies that seek 

to take advantage of opportunities and are well 

coordinated with the organization's capabilities. 

Protection strategy (W-O): overcoming 

weaknesses in order to take advantage of 

opportunities. 

Competitive strategy (S-T): Identifying methods 

that the organization can use to reduce its 

vulnerability from threats. 

Defensive strategy (W-T): a completely defensive 

strategy that prevents the organization from being 

harmed due to its weaknesses from threats from the 

external environment. 

6. QSPM matrix analysis 

In this study, also from the quantitative strategic 

planning approach (Quantitative Strategic Planning 

Matrix). It was used to prioritize strategies. The 

QSPM quantitative strategic planning matrix is also 

an analytical method that provides managers with the 
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possibility of evaluating alternative strategies based 

on internal and external influencing factors. 

 

Figure-3- The strategic situation of earthquake feasibility in 

Lahijan city and crisis management in this city 

 

With this method, various strategies were 

determined objectively, which are among the best 

strategies. Management strategies in this research 

were obtained by using different tools and in three 

general stages including information entry, their 

comparison and decision making stage (Figure 3). 

In the input phase, the main information needed 

for the formulation of strategies was determined. 

After that, internal factors evaluation matrix (IFE) 

and external factors evaluation matrix (EFE) were 

implemented. 

The information obtained from this stage provides 

a basis for comparison (third stage) and by 

considering them, different strategy options can be 

identified and evaluated in order to choose the best 

strategies. By determining the cumulative effects of 

each of the internal and external factors, the relative 

attractiveness of each of the strategies can be 

determined. 

  In order to provide a quantitative strategic 

evaluation matrix, six steps were followed as follows: 

1- Major external opportunities and threats and 

major internal strengths and weaknesses were 

reflected in the strategic planning matrix. This 

information is obtained directly from the evaluation 

matrix of internal and external factors. At least 13 

very important external factors and 12 very important 

internal factors were paid attention to in setting up 

the QSPM matrix. 

2- A weight or coefficient was given to each of the 

internal and external factors. These coefficients are 

just like the coefficients of the evaluation matrix of 

internal and external factors; 

3- The compiled strategies were written in the top 

row of the matrix; 

4- Then the attractiveness scores were determined. 

The attractiveness score shows the power and ability 

of the strategy in dealing with internal and external 

factors (taking advantage of strengths and 

opportunities and eliminating weaknesses and 

avoiding threats), which was entered as follows: 1 = 

no attractiveness, 2 = up to somewhat attractive, 3 = 

reasonably attractive and  

4 = very attractive; 

5- The attractiveness score of each strategy is 

calculated from the sum of the product of the 

importance coefficients in the attractiveness scores. 

The sum of the attractiveness scores indicates the 

relative attractiveness of each strategy, which is 

obtained only by considering the effect of the 

relevant internal and external factors. 

The higher the sum of attractiveness scores, the 

more priority the discussed strategy will have. 

High scores indicate a higher attractiveness of the 

strategy 

7. Discussion: 

Cities have a physical space, each of these bodies 

contains an activity, and all of them make the city 

space and give it an identity. Cities are defined by 

human concentration centers, human activities and 

buildings. 

  The urban space contains infrastructure facilities 

and equipment with all kinds of uses, including 

residential, office, service, health, etc. The above 

categories will lead to a dependent population, which 

is greatly affected by the occurrence of natural 

disasters and causes unrest in the life system and 

many human and financial losses in the cities. 

The occurrence of unexpected events in the 

history of human life has always had a limiting and 

effective role and has left many effects; Therefore, 

how to deal with these crises is one of the constant 

anxieties of human societies. The methods of dealing 

with these crises can intensify and mitigate its 

negative effects. The feasibility planning process of 

seismic areas is very important; If this process is not 
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logical and calculated, the probability of the produced 

programs being valuable will be low. 

Preparation of crisis management plans is 

considered a basic step in crisis containment, but 

these plans will have the necessary efficiency when 

they are regular and up-to-date, as well as their 

effectiveness, especially those parts that are related to 

the reaction and response phase in a crisis. are 

related, there is sufficient assurance. 

The geography of Gilan province with favorable 

natural and artificial opportunities is prone to 

improve crisis management and select suitable areas 

for settlement. 

But these opportunities require a will to overcome 

challenges and bring these opportunities to their 

destination in an action plan. Also, scientific 

manipulation and intervention by preserving the 

originality of nature can lead to consolidation of 

crisis management foundations in the province, 

especially in Lahijan city. 

Feasibility or feasibility studies is the assessment 

and analysis of the potential of a proposed project 

and is based on research and studies that support the 

decision-making process. 

Feasibility discusses whether things are possible. 

Feasibility studies are carried out after the stage of 

creation of the plan and definition of its general 

framework in terms of the general characteristics of 

the product, production capacity and investment 

amount. These studies can be included in different 

levels of project details according to the needs and 

requests of the employer. 

In fact, the feasibility study in this study was 

conducted on the earthquake-prone areas of Lahijan 

city in order to prevent casualties and financial and 

life losses in sensitive areas. 

 

8. Conclusion: 

Proper location is always the first and most 

important step in the crisis management process. In 

this regard, one should try to choose suitable areas 

based on the limitations and capabilities required by 

the plan. It should be noted that the studies required 

for location are very extensive and by using satellite 

images and geographic information system, an 

important part of these studies can be done without 

physical presence in the region. The land and the 

shape of the land is the stage on which structures play 

a role. Lowlands and elevations, drainage patterns, 

geology and soil are some of the factors related to the 

shape of the land. 

Designers, aviators, and astronauts see the same 

mountains, valleys, plateaus, and lowlands, but relief 

workers and crisis management consultants, who deal 

with details rather than pictures, have very different 

perspectives; Therefore, in the operation that takes 

place in the tactical category, natural complications 

should be well known. In the area that is chosen for 

crisis management and loss prevention, issues such 

as: the type of rocks, the resistance of the rocks, the 

slope of the slope, the location of the area in terms of 

natural hazards such as; Earthquakes, floods, falls, 

landslides, the effect of wind on the ground, heights 

overlooking the area, erosive activities of 

precipitation and temperature, the amount of soil 

moisture, etc. must be considered. 

It is obvious that any kind of management can be 

done if, at the time of Talah, one acts to identify and 

examine the shapes and complications of the ground 

surface and study them accurately, and the battlefield 

recognizes the position of oneself and the enemy by 

knowing the shapes of the ground. and took the 

necessary measures. 

In order to identify earthquake-prone places in 

Lahijan city, variables such as: temperature, freezing 

days, drought, distance from the fault, slope 

direction, degree of slope, distance from water 

sources, distance from power plants, access to 

suitable roads, distance from Airport, distance from 

railways, distance from urban and rural areas, access 

to healthcare services, distance from commercial and 

industrial complexes and gas fields, distance from 

pipelines, compliance with distance from air 

corridors, distance from ports were investigated. The 

results showed: 

1- According to AHP analysis, the criterion of 

socio-economic conditions with a weight of 0.53 was 

the most important criterion selected according to 

experts. 

2- According to the results of the TOPSIS 

analysis, the distance from urban and rural areas 

(0.930) is the most related to the sub-criterion. 
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3- According to the analysis, region 2 has been 

selected as the most seismic place for crisis 

prevention and management with 0.684. 

4- According to the SWOT analysis, the total of 

internal factors is greater than zero and equal to 0.423 

and this indicates that the strengths are more than the 

weaknesses. 

5- According to the SWOT analysis, the sum of 

external factors that is greater than zero and equal to 

0.254, it can be said; Opportunities are more than 

threats. 

6- In the selected location, 9 internal strengths 

against 4 internal weaknesses and 8 opportunities 

against 4 threats have been identified and 

investigated. In this way, a total of 17 strengths and 

opportunities were identified as advantages and 8 

weaknesses and threats were identified as limitations 

and bottlenecks in choosing a suitable location for 

crisis management in Lahijan city. 

7- According to the score obtained from the final 

sum of the matrix of internal factors, it is concluded 

that in the feasibility of earthquake-prone areas in 

Lahijan city with the current situation, the strengths 

for crisis management are more than its weaknesses. 

8- Based on the obtained values and according to 

the matrix, out of the four possible strategies, the 

optimal strategy for crisis management in Lahijan 

city, SO or offensive strategies, was proposed and 

used. 

9- The results of the Quantitative Strategic 

Planning Matrix (QSPM) show that among the 

prepared strategies, the highest attractiveness is 

related to the strategy of logistic support and 

flexibility, and the lowest attractiveness is related to 

the strategy of increasing utility costs (water, 

electricity, gas). 
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Abstract 

In recent years, studies have been started for the use of light-grained concrete in conventional reinforced concrete structures, it 

is expected that the use of light-grained concrete without having a negative effect on the use of the structure will reduce the 

costs in construction and reduce the structural mass. As a result, the earthquake load will be reduced. In this research, concrete 

with an approximate compressive strength of 18.24 megapascals and an approximate specific weight of 1800 kg/m3 was 

obtained by using Lika grain style. In order to evaluate the structural behavior of lightweight concrete, 5 concrete columns 

were built in the laboratory and were subjected to axial load and the results related to these columns were presented, and then 

a suitable model for these columns was presented by Abaqus finite element software and analytical studies It was done on the 

relevant results, which are in good agreement with the laboratory results. The agreement of the results obtained from the 

modeling with the laboratory results is a proof of the accuracy of the built model.  © 2017 Journals-Researchers. All rights 

reserved. (DOI:https//doi.org/10.52547/JCER.4.4.41) 
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1. Introduction 

In recent years, the use of lightweight concrete in 

its various forms, such as lightweight concrete, 

concrete without fine grains or concrete with air 

bubbles, has become very common, and due to its 

unique advantages such as low specific weight and 

good thermal insulation, in many cases It has 

replaced ordinary concrete. In this connection, it is 

possible to mention the implementation of some 

high-rise buildings and large bridges with this 

material, such as 15 large span bridges made of 

lightweight Leica concrete in the Netherlands, 
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Wellington Stadium in New Zealand, and a 73-story 

commercial tower in Los Angeles. 

The low strength of lightweight concrete has been 

an important factor in limiting the scope of 

application of this type of concrete and taking 

advantage of its advantages. Lightweight concrete 

that has sufficient strength and its other physical 

properties are also improved due to weight reduction 

will bring about a huge change in the application of 

this concrete. 

Aggregates with less weight are generally 

considered as light grains [1]. For comparison, most 

common aggregates such as sand and gravel weigh 

up to 1680. The light grains have a low apparent 

specific gravity due to high porosity. The 

classification of seed styles is based on their sources, 

production methods and final use. 

The main materials in the style of natural grains 

are diatomite, pumice, scoria (pumice stone), ash and 

volcanic tuff, all of which except diatomite are of 

volcanic origin. Diatomite has a sedimentary origin. 

Considering that natural grain styles are found only 

in some places, therefore, due to the problems of 

access to resources and transportation issues, this 

type of material is not widely used and has limited 

applications. Pumice has been used more than other 

types of these materials [2]. 

Artificial seed styles are often known by their 

different trade names. But the best grouping is based 

on the raw materials used and the production method. 

Artificial aggregates are produced in four ways. In 

the first method, artificial aggregates are obtained by 

heating and expanding clay, diatomaceous earth, 

perlite, vermiculite and opsidin. In the second 

method, molten slag from slag furnaces is obtained. 

By spraying controlled amounts of water, it expands 

with the help of a water jet. In the third method, 

industrial welds obtained from coal furnace ash are 

used. In the fourth method, light grains are produced 

from organic compounds such as expanded 

polystyrene. In Iran, only the first method is used to 

produce expanded clay and expanded perlite. 

The properties of different grain styles are widely 

variable. For example, the strength of concrete made 

with expanded clay (Leica) and expanded shale is 

relatively high and comparable to normal concrete. 

Of course, the amount of cement used in light 

concrete is more than its amount in ordinary concrete. 

Pumice, scoria and some expanded welds produce 

concrete with medium strength. Perlite, vermiculite 

and diatomite produce concrete with very low 

resistance, but the insulating properties of low 

resistance concrete are better than high and medium 

strength concrete. The insulation value of high 

resistance style concrete is almost 4 times that of 

ordinary concrete. In practice, there is a complete 

spectrum of grain styles with a weight of 80 to 900. 

Very porous aggregates are generally weak and 

are more suitable for making non-structural insulating 

concrete. It is the grain style that has less porosity, if 

the structure of the porosity is in the form of small 

pores and with uniform distribution, then the grain 

style has strength and is therefore suitable for 

structural concrete. 

There are three general methods of producing 

lightweight concrete. In the first method, light porous 

materials with low specific gravity are used instead of 

ordinary aggregates. The resulting concrete is called 

light grain concrete. The second method of producing 

light concrete is based on the creation of multiple 

pores inside the concrete or mortar. These pores 

should be clearly cleaned from very small pores with 

air bubbles. This type of concrete is known as 

"sponge concrete", "aerated concrete" or "gas 

concrete". The third method of producing light 

concrete is to remove small aggregates from the 

concrete mixture so that many pores are created 

between the particles and generally coarse aggregates 

with normal weight are used. This type of concrete is 

called "concrete without fine grains". 

Despite the high cost of light grains and the 

additional initial cost of using light concrete, the total 

cost of a structure made with light concrete is less 

than normal concrete. The use of lightweight concrete 

in prefabs reduces its weight by half, which saves 

transportation costs. This savings well covers the 

additional costs of light grain materials. Sometimes, 

the dead load of a prefabricated piece is close to/or 

more than the crane used in the factory or workshop. 

By using light grains, due to weight reduction, the 

use of a special crane is not necessary and it is 

possible to make larger pieces than normal concrete. 

be It also results in a reduction in crane movements. 

The economic advantages of light concrete can be 

divided into 2 categories: 
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One is the points due to less dead load, and the 

other points are points due to properties such as: 

more thermal insulation, resistance to fire, freezing, 

etc. 

According to the studies conducted in recent 

years, to use light-grained concrete in conventional 

reinforced concrete structures, considering 

maintaining the durability and stability of the 

structure and reducing costs in construction, using 

light-grained concrete is a suitable solution, which in 

addition to reducing costs In construction, it reduces 

the structural mass and consequently reduces the 

earthquake load. Therefore, in this research, we 

evaluated the structural behavior of columns made of 

light-grained concrete, and then analytical studies 

were conducted on the results of these columns using 

Abaqus finite element software, and conclusions 

were drawn. 

The second part of this research is an overview of 

the research done in the field of lightweight concrete. 

In the third part, the studies were described, which 

are in two phases, laboratory and modeling with 

Abaqus software. In the fourth part, the obtained 

results are analyzed and finally, the fifth part deals 

with general conclusions and suggestions for future 

studies. 

2. Related works 

Myatt et al [3] investigated the behavior of spiral 

structural columns made of lightweight concrete 

under central axial loading. In this experiment, Lika 

was used as lightweight coarse aggregate to produce 

lightweight concrete. A total of 11 columns were 

evaluated under short-term loading. The columns 

were made with a height of 900 mm and a diameter 

of 250 mm. The studied parameters include diameter 

and spiral reinforcement. The final strength of the 

columns is reduced, also the area of the longitudinal 

reinforcement does not affect the ductility of the 

column, in addition, the steel fibers in the spiral 

reinforcement of the columns leads to an increase in 

the final fineness of the column, although it has a 

small effect on the ductility. 

Galeota et al. [4] investigated the ductility and 

resistance in the performance of structural columns 

made of light-grained concrete. that the arrangement 

of transverse reinforcement, spacing of transverse 

reinforcement and the ratio of longitudinal 

reinforcement in the structural performance of 

columns made of light-grained concrete under 

uniform off-center loading were investigated, the 

experimental results show that the use of 

reinforcement arrangements The following 

transversal leads to significant improvement in 

structural performance. 

Kan et al. [5], which evaluated the behavior and 

size effect of structural columns made of light-

grained concrete and 3 other square columns made of 

ordinary concrete in different sizes, the test results 

showed that the columns Made of light-grained 

concrete, they have the same failure mode as the 

columns made of ordinary concrete. Also, under the 

same axial load, they show a larger displacement than 

the columns made of ordinary concrete. Measurement 

of the ultimate strength of the column. made of light-

grained concrete with small and medium sizes were 

obtained close to the calculated values of the ACI 

nominal strength, which shows that the ACI equation 

is only suitable for the design of small and medium-

sized columns. 

Qonem et al. [6] conducted an experimental study 

on steel pipes filled with light-grained concrete, and 

these experiments were carried out on steel tubular 

columns with circular and rectangular sections filled 

with light-grained concrete and In this study, 

columns filled with light-grained concrete show local 

buckling, when the column reaches the breaking load, 

a global buckling takes place. However, the effect 

The negative local buckling does not significantly 

decrease the capacity with the bearing capacity of the 

column, but the columns filled with ordinary concrete 

show global buckling without any signs of local 

buckling before failure, also the sections with larger 

dimensions of the bearing capacity. It shows that 

according to these results, there is a good possibility 

of replacing normal concrete with light-grained 

concrete due to its low specific weight and thermal 

conductivity. 

Moli and Khalafi [7] investigated the strength and 

axial capacity of steel columns filled with light-

grained concrete, and this test was a set of 2 hollow 

rectangular steel sections with dimensions of 120x80 

mm and 150x100 mm and different heights. These 

sections were filled with ordinary concrete and light-
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grained concrete, natural pozzolan was used as 

lightweight aggregate in the second concrete, and in 

this test, the performance of steel samples filled with 

light-grained concrete compared to steel samples It 

was made of ordinary concrete. The test results 

showed that the breaking load is affected when the 

height of the samples increases from 100 mm to 200 

mm, and also the presented lightweight concrete has 

a higher resistance than ordinary concrete. 

3. Laboratory studies have been carried out 

The main goal of this research is to achieve 

structural light concrete with lower specific weight 

and higher compressive strength. Based on this, in 

this experiment, 5 cubic samples of 10x10x10 cm 

were made and after 28 days of curing in water, their 

specific weight and compressive strength were 

determined. 

3.1. Consumable materials 

The cement used was Portland type 2 neka and 

potable water was used to make concrete. 

Consumable micro-silica is in the form of powder 

produced by Vand Chemical Company, and the 

specific surface area of its particles is 20. In this 

research, 10% of the weight of cement was replaced 

with micro-silica and the amount of cement was 

reduced by the same amount. PCE super plasticizer 

was also used. The amount of PCE is about 1.5-4% 

of cement materials. At the beginning, the sand used 

was passed through a sieve with a score of 4, 

therefore, sand with a size of 0-5 mm was used in the 

concrete. Its modulus of elasticity was equal to 2.6. 

In table (3-4) the sand classification is presented. 

The granulation of used sand has an acceptable match 

with the permissible range of natural sand. 

In this research, the size of 5-10 mm and 

discontinuous granulation was chosen. Natural sand 

has been used instead of 0-5 mm Leica grains. One-

hour water absorption of Leica seeds is 11.3%. For 

granulation, 500 grams of Leica was selected. The 

tested fine grain does not have an acceptable 

compliance with the permitted range of fine grain 

sand with a maximum size of 12.7 mm. According to 

the granulation, the Leica used is coarse-grained. 

The inner armature is ribbed and type AIII. The 

yield stress of rebar grade 10 is 4800 and the yield 

stress of rebar grade 8 is 4930. 

After carrying out some preliminary mixing plans 

for preparing light concrete with suitable structural 

strength for the intended columns, the mixing plan of 

Table 1 has been used: 

 
Table 1 

Light concrete mixing plan for one cubic meter of concrete 

micro-silica (kg) 475 

Cement (kg) 47.5 

Water (kg) 7 

Super lubricant (kg) 199.5 

Leica (kg) 803 

Sand (kg) 268 

Leica size (mm) 0.42 

Percentage of water to cement (kg) 10-5 

Special Weight )m/kg( 3

 1800 

 

3.2. How to make concrete 

The amount of weight of the materials for the 

design of mixing light concrete for a certain amount 

of concrete in such a way as to provide the volume of 

concrete required to perform the tests was calculated 

and then the materials were weighed. These materials 

were poured into the concreting machine in the order 

of coarse grain (Lika), natural sand, cement and 

micro-silica, and the machine was kept on for 3-5 

minutes to mix the dry materials without water. Then 

first, all the water and a part of the super-lubricant are 

gradually added to the dry materials inside the 

Betonir Roshan machine. Finally, the remaining 

amount of super-lubricant is added to ensure proper 

performance and the desired slump. 

With numerous and preliminary experiments, it 

has been concluded that correct mixing, both in terms 

of mixing and mixing time, has a significant effect on 

the strength of concrete, therefore, the mixing time 

was based on this and with the appropriate number of 

rotations of the concrete Try to mix all the 

ingredients well. After finishing the mixing and 

making of concrete, some of the concrete is used to 

supply the slump. The produced concrete was poured 

into clean and lubricated cubic molds of 10x10x10 
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cm in three layers and each layer was vibrated for 20 

seconds with the help of a vibrating table. After being 

vibrated for 16-24 hours, the samples were kept 

inside the mold with a damp cloth cover, and then 

they were removed from the molds with great care 

and without damaging the mold, and were kept in the 

water basin with water until the test. The temperature 

is maintained at 202˚C. 

3.3.  Test to determine the compressive strength of 

hardened concrete 

In general, two types of samples are used for 

compression testing, which are cubic and cylindrical. 

In England (English code, 2009) [8] and many 

European countries, cubic samples are used, in 

American standards (American concrete code and the 

standard for testing the compressive strength of 

cylindrical concrete samples) [9] and others 

Countries such as France and Australia are 

recommended examples of cylindrical shape. In this 

research, 10x10x10 cm cubic samples were used to 

determine the compressive strength. 

To perform this test, the samples are poured into a 

steel or cast iron mold. The cubic shape of the molds, 

the size of the sides and the smoothness of the 

surfaces inside the mold must comply with the 

recommended specifications. In cases where the 

compaction is done by a vibrating device, it is 

necessary that the connection of the mold body to its 

bottom is rigid. The inner parts of the mold should be 

slightly greased with mold oil to prevent concrete 

from sticking to them. After pouring the concrete into 

the molds, it should be compacted. Compaction of 

cubic samples is done with a vibrating table or by 

hand. The cubes are filled in three layers and after 

each layer is poured, it is compacted. In compacting 

with a vibrating table, instead of pounding, after 

pouring each layer of concrete, the mold is placed on 

the vibrating table for a certain period of time until 

the concrete is completely compacted. After 

processing, the samples are taken out of the mold and 

kept in the water tank at a temperature of 20 2°C 

before testing. 

The samples are removed from the pond before the 

test and their surface is dried. Then, the tested cubic 

samples are placed between the two plates of the 

machine in such a way that the surface of the sample 

is in contact with the cubic mold. Now, a vertical 

force is applied to the cubic sample by the device at a 

constant speed so that the cube is packed due to the 

compressive force. The force and tension 

corresponding to it are read and recorded from the 

digital screen of the device. 

3.4.  Construction of lightweight concrete beam 

samples made of Lika 

All columns are made with a height of 100 cm and 

cross-sectional dimensions of 20 cm x 20 cm. All the 

columns have 4 rebars with a diameter of 10 mm and 

khamut with a diameter of 8 mm, which are placed at 

a distance of 75 mm to 150 mm from each other. The 

schematic of the compression test system and the 

details of the columns are presented in Figure 1. 

 

Fig 1. a and b) Schematic of the test system and details of the 

columns c) Column elementing modeled in Abqus software  
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3.5.  How to perform the test and test the columns 

According to Iran's concrete code, standard hooks are 

created on rebars and anchors, and in order for the 

anchors to be fixed, we tie them to the rebars with 

strong reinforcement wire, so that they do not move 

during vibration and are stable. be After that, the 

molds were adjusted and fixed in the desired sizes, 

and the walls were coated with a thin layer of oil to 

prevent the concrete from sticking to the walls of the 

mold. Then the closed rebars were placed inside the 

mold and then concrete pouring was done according 

to the relevant mixing plan. In order to better 

compact the concrete, a special vibrator was used to 

vibrate the poured concrete. 24 hours after concrete 

pouring, while the columns were still in the mold, the 

surface that was in contact with the air was kept 

moist, and the columns were removed from the mold 

after 48 hours, and after being taken out of the mold, 

they were placed in a pool of water in the laboratory.  

All the columns were tested after 90 days from the 

date of concreting. To determine the direction of the 

cracks that are caused by the load, the surface of the 

column was covered with lime and after determining 

the exact location of the load, the location of the 

strain gauge was marked. After placing the column in 

the device, the load was introduced into the tested 

column by a jack with a capacity of 100 tons. In order 

to read the load (in Kg) and its related displacement, 

a load gauge and strain gauge were used, 

respectively, and for each amount of load applied by 

a manual jack, the corresponding load and 

displacement were read and recorded .   

4. Checking the test results 

Based on the application and physical properties, 

lightweight concrete is divided into three categories: 

lightweight concrete, semi-structural, and heat 

insulation, each of which has its own requirements 

(the lightweight requirements for use in lightweight 

structural concrete are given in ASTMc 330 ) and in 

the rest of this section, we will deal with the physical 

and structural characteristics of this type of concrete, 

which is the result of laboratory and theoretical 

results, and also examine and compare the results of 

finite element analysis using the modeling of samples 

in ABAQUS software and compare with the 

laboratory results. 

Concrete structures are among the strongest and 

safest structures. However, the unit weight of the 

high volume of concrete used causes an increase in 

the dead load of the structure, and its consequence is 

an increase in lateral loads caused by earthquakes. 

Therefore, the use of lightweight concrete can play a 

significant role in reducing the forces on the 

structure. 

In the last decade, with the help of additives and 

super-lubricants, it is possible to produce lightweight 

concrete with high strength, the use of lightweight 

concrete in the construction of slabs, beams, and 

columns has expanded greatly. In bridges, where the 

weight of the beam creates lateral loads It is 

relatively noticeable, the use of light concrete will 

have a great effect in reducing lateral loads. Also, in 

cases where for the purpose of repairing or 

strengthening the beam, the dimensions of the beam 

and as a result the weight of the structure increases a 

lot, the use of light concrete will be appropriate. 

In this section, the structural behavior of the 

experimental and modeled column samples is 

investigated, the results of the compressive strength 

tests of the cubic samples and the compressive test of 

the columns are explained. Also, the load-

displacement diagram of the columns is drawn. Next, 

the results of the analysis of finite elements using the 

modeling of the samples are mentioned in the 

software, and finally, a comparison is made between 

the laboratory and modeling results. 

In order to investigate the structural behavior of the 

columns, five concrete columns were made, including 

light weight concrete with the same amount and 

arrangement of rebars, cross-sectional dimensions, 

the amount of cement and the ratio of water to 

cement, which are discussed in detail in section 3. 

4.1. Investigating the structural behavior of 

laboratory columns 

In Table 2, the results of the tests of Lika concrete 

columns are presented in order. In this section, the 

compressive behavior of columns is studied. 

To investigate the change of location of the columns, 

the load-displacement curve is investigated. These 

curves are presented in Figure 2 and compared in the 

load-displacement results of the laboratory columns 
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with the result of the modeled sample. As it is clear 

in the figure, the curve of Lika light concrete columns 

is linear up to the load of 43645, 43256, 38550, 

39745, 41880 kg respectively, but after that the slope 

of the curve decreases. 

 
 

Table 2 

Recorded values from the Leica light concrete column test 

Column 5 Column 4 Column 3 Column 2 Column 1  

column 
displacemen

t  ( mm) 

total 
load  ( p) 

(kg) 

column 
displaceme

nt  ( mm) 

total 
load  ( p) 

(kg) 

column 
displaceme

nt  ( mm) 

total 
load  ( p) 

(kg) 

column 
displacemen

t  ( mm) 

total load 
(p) 

(kg) 

column 
displacem
ent  ( mm) 

total load 
(p) 

(kg) 

0.48 3790 0.365 3753 0.28 3548 0.308 3387 0.26 3960 

0.85 8140 0.698 7506 0.66 7097 0.65 7430 0.8 7920 

1.65 13486 1.45 13612 1.35 12774 1.45 13305 1.85 14500 

3.45 20533 1.81 17775 1.95 16865 2.52 18275 2.99 18810 

5.52 26200 3.45 26775 3.8 25427 4.13 25698 5.27 28512 

7.12 32197 4.85 32850 5.22 31550 6.3 33695 6.86 34650 

8.23 36520 6.25 36800 6.85 35650 7.66 36594 8.85 38550 

10.46 41880 8.55 39745 8.23 38550 10.3 40270 11.28 43645 

13.22 43132 12.2 41580 11.35 39860 12.22 43256 14.53 44550 

16.8 44518 15.1 42856 14.15 40340 15.06 44050 17.85 46530 

19.8 46170 19.2 43250 17.9 40950 19.24 44765 21.33 47720 

 

 
Fig 2. Load-displacement curve of columns and modeled in 

Abaqus software 

 

The ultimate breaking load of Lika light concrete 

columns is 47720, 44765, 40950, 43250 and 46170 

kg respectively. The comparison of the ultimate load 

of Leica light concrete shows that although its 

specific weight and compressive strength is lower 

than ordinary concrete, it has an acceptable ultimate 

strength for use in a structural column. The weight of 

concrete, light concrete column of Leica with specific 

weight and average compressive strength of 24.18 

MPa is about 25% less than the weight of ordinary 

concrete, which by making the weight of concrete 

lighter, significant benefits can be obtained, including 

reducing the forces on the structure. Finds 

In Figure 3, the stress-strain curves of Lika light 

concrete columns are presented and compared with 

the modeled sample result. The stress created in the 

column is obtained by dividing the load applied to the 

sample by the cross section of the column. The strain 

created in the column is also obtained by dividing the 

displacement by the length of the sample. 
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Fig 3: Stress-strain curve of columns modeled in Abaqus software 

 

4.2.  The results of the structural behavior of the 

modeled column and comparison with laboratory 

columns 

In this research, the powerful Abaqus finite 

element software was used for modeling and static 

analysis on Lika light concrete column samples. 

Figure 2 shows the load-displacement diagram of the 

modeled column. Also, the displacement contour 

obtained for the column modeled in finite element 

software is shown in Figure 4. 

 
Fig 4. Displacement contour in the direction of force application 

 

According to Figure 2, it can be seen that the 

modeling results agree with the experimental results 

with an acceptable approximation. According to the 

diagrams in Figure 2 and the final strength and 

displacement of the samples, it can be seen in the 

laboratory samples and the modeled samples that 

there is an acceptable match between the results and 

the correctness of the software output results can be 

ensured. 

The relations in the regulations are based on 

normal concrete, while the concrete used in this 

research is of light concrete type, so the bearing 

capacity obtained based on the relations is not 

necessarily similar to the laboratory results. In the 

laboratory, there is a possibility of execution errors, 

so the accuracy of the obtained results is lower than 

the result of modeling in Abaqus software. 

Also, the main stress contour obtained for the 

column modeled in the finite element software is 

shown in Figure 5. 

 
Fig 5. Main stress contour of the modeled column 

 

 
Fig 6. Mizez stress contour 

 

According to Figure 3, it can be seen that the 

modeling results agree with the experimental results 
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with an acceptable approximation. As we know, 

cracks occur in places where the stress has reached 

the cracking stress of concrete. Therefore, the Von-

Mises stress distribution of the columns is also shown 

in Figure 6. On the other hand, the shape of the 

cracked column in the laboratory is also shown in 

Figure 7. 

 

 

 
Fig 7. Showing the shape of the cracks after loading the right stones a) column 1 b) column 2 c) column 3 d) column 4 e) column 5 

 

 
Fig 9. Plastic strain contour 

 

By comparing the experimental results with the 

modeling results, we come to the conclusion that the 

shape of the crack corresponds to the stress 

distribution obtained from finite element analysis, 

and this is another proof of the accuracy of the 

modeling and the reliability of the model. On the 

other hand, we know that at the moment of the final 

failure of the column, at the points where the plastic 

strain exceeds 0.0035, crushing occurs in the 

concrete. For this purpose, the plastic strain 

distribution of the concrete column is shown in 

Figure 9. 

As can be seen in the figure, at the points where 

the strain exceeds the plastic strain of the concrete in 

the modeled column, crushing has occurred, that is, at 

the support location, which is consistent with the 

laboratory results shown in Figure 8. Matches 

5. The result 

This research deals with presenting the results of 

analytical and experimental studies on columns made 

of light-grained concrete under the effect of axial 

load. A total of 5 structural columns made of light-

grained concrete were investigated in a laboratory 
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manner, and at the end, one column was modeled 

using Abaqus finite element software. 

The load-displacement diagram of all the columns 

has been drawn, and the matching of these diagrams 

indicates that the columns have the same behavior 

under the effect of axial load. Stress-strain diagrams 

of all columns are drawn, which are similar to load-

displacement diagrams. The final load that the built 

columns can bear is about 44.57 tons, and in this 

case, the displacement of the column is 19.5 mm. The 

model made in Abaqus finite element software has an 

acceptable agreement with the experimental results. 

The shape of the cracks in the laboratory samples 

corresponded with the stress distribution obtained 

from finite element analysis, and this is a proof of the 

accuracy of the modeling. 

From the comparison of the results obtained in this 

research with the numerical results obtained by using 

the relations of the regulations that are for ordinary 

concrete, we come to the conclusion that the bearing 

capacity of the column with light concrete is less than 

that of ordinary concrete, but according to To reduce 

the weight of the sample and that this difference in 

capacity is negligible, it is recommended to use light 

concrete in structural members such as beams or 

columns. 
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Parametric study of two-layer corrugated steel shear wall under 

lateral load 
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Abstract:Steel shear walls have always been used in the construction and improvement of many structures due to their 
advantages such as high strength and stiffness, ductility and excellent energy absorption. In the meantime, corrugated steel 
shear walls have been proposed due to postponing the elastic buckling of the plate and increasing ductility and energy 
absorption. Corrugated steel shear walls can be used in both single and double layers. Due to the fact that so far, limited 
research has been conducted about double corrugated steel shear walls, therefore, in this research, the hysteresis behavior of 
double and single layer corrugated steel shear walls has been analyzed parametrically using the finite element method and 
using ABAQUS software. Thus, after validating a experimental sample, a two-layer corrugated steel shear wall with one bay-
one story with conventional angles of 30, 45 and 60 degrees was investigated in ABAQUS software under cyclic loading. The 
results of this research showed that the hysteresis curve of double and single layer corrugated steel shear walls is stable. Also, 
the resistance and energy absorption of double corrugated steel shear walls is higher than single layer corrugated wall. Also, 
the resistance of corrugated steel shear walls with single and double layers is lower than that of flat steel shear walls. Also, 
increasing the corrugation angle of the plate has led to an increase in resistance and energy absorption. In addition, behavior 
factor and ductility of flat steel shear walls are higher than single-layer and double corrugated walls. Nevertheless, the over- 
strength factor of the studied samples is almost equal to each other. © 2017 Journals-Researchers. All rights reserved. 
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1. Introduction 

Steel shear wall to deal with the lateral forces of 

earthquake and wind in buildings, especially in tall 

buildings, has been considered in the last five 

decades. The steel shear wall system is a very simple 

system in terms of implementation and there is no 

special complexity in it. High resistance, high 

stiffness, high ductility and stable hysteresis behavior 

are the main advantages of this system. Steel shear 

walls without stiffeners have lower strength and 

energy absorption due to premature buckling of the 

plate. To overcome this problem, two ways of using 

hardener and corrugated plate are suggested. So that 

the use of corrugated plate delays buckling and 

subsequently increases energy absorption and 

ductility, another solution that is the use of double 

corrugated plates. In this thesis, the behavior of 

double trapezoidal corrugated steel shear walls under 

cyclic loading will be investigated in ABAQUS 
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software. A lot of research has been done on 

corrugated steel shear walls in the past, some of 

which are briefly reviewed below. In 2021, Rudsari et 

al investigated the effect of opening characteristics 

and plate thickness on the performance of sinusoidal 

and trapezoidal corrugated steel shear walls [1]. In 

2021, Wang et al analyzed the relationship between 

out-of-plane and in-plane failure of corrugated steel 

plate shear wall [2]. This paper examines the 

relationship between out-of-plane stiffness and in-

plane stiffness in a frame shear wall with a boundary 

member including beam and column to achieve full 

in-plane performance. In 2021, Gohtarian and Melki 

conducted a numerical study of corrugated steel shear 

walls with double-layer plate [3]. In this research, 

things like horizontal or vertical orientation of the 

corrugated plate, connection of the plate to the 

columns, thickness of the plate and ratio of plate 

dimensions were investigated as the main parameters. 

The results of this research showed that corrugated 

steel shear walls with double-layer plates have 

considerable stiffness, resistance and energy 

dissipation capacity. In 2021, Joharchi et al. 

investigated the parametric periodic behavior of steel 

shear walls with corrugated plate [4]. Things such as 

plate corrugation angle, plate thickness and also the 

ratio of panel dimensions were investigated in this 

research. The results of this research showed that 

increasing the thickness of the plate led to an increase 

in stiffness, energy absorption and resistance. In 

addition, the effect of the corrugation angle of the 

plate depends on the thickness of the corrugated 

plate. In 2020, Behrebar et al investigated the 

behavior of corrugated steel shear walls with 

sinusoidal plate under the effect of cyclic loads [5]. In 

this article, the behavioral performance of sinusoidal 

corrugated steel shear walls with central opening has 

been investigated. In this research, it was shown that 

creating an opening and increasing its dimensions 

leads to a decrease in the performance of the system, 

which is due to a decrease in the share of the plate in 

the lateral load. In 2020, Bhorebar et al evaluated and 

predicted the response of steel shear walls with 

corrugated plate and beam with reduced section [6]. 

In this research, it was found that models with a 

corrugation angle of 45 degrees showed better 

performance in terms of energy absorption capacity. 

In 2019, Nouri and Iftikhar investigated numerically 

the effect of the shape and location of the opening on 

the behavior of corrugated steel shear walls [7]. 

Kalantari and KalatJari in 2019 investigated the 

seismic performance of the proposed new system of 

steel shear wall composed of smooth and corrugated 

plates [8]. In 2018, Fazel et al investigated the effect 

of plate corrugation angle and its direction on the 

performance of corrugated steel shear walls [9]. In 

2018, Wang et al investigated the seismic 

performance of composite steel shear walls with 

corrugated plate [10]. Caio and Huang in 2018 

investigated the laboratory and numerical simulation 

of steel shear walls subjected to cyclic loads [11]. In 

2018, Deva et al investigated the shear strength and 

post-buckling behavior of corrugated steel shear 

walls [12]. This paper has carried out numerical 

investigations on the behavior of lateral resistance 

and the design of corrugated infill plates in steel 

shear walls under uniform lateral shear force. In 

2018, Qi et al investigated the laboratory behavior of 

corrugated steel shear walls [13]. Three corrugated 

walls and one wall with a flat plate were tested in this 

research. The bearing capacity of the wall with flat 

plate is higher than the wall with corrugated plate. 

This is despite the fact that the initial stiffness of the 

flat wall was lower than that of the wavy walls. In 

2018, Tong and Gu investigated the behavior of 

corrugated steel shear walls containing hardener [14]. 

The results of this research showed that the presence 

of hardeners has been able to significantly prevent 

buckling out of the wall plane. It has also been able to 

increase the carrying capacity and plasticity. In 2017, 

Ding et al investigated the effects of opening on the 

behavior of trapezoidal corrugated steel shear walls 

[15]. In this article, in general, all the samples studied 

in this research showed good deformation capacity 

and plasticity. The results of this research also 

showed that the initial stiffness of the wall without 

openings is higher than the samples with openings. 

Also, the energy absorption of the sample without 

opening is less than the sample with opening. The 

cyclic behavior of corrugated steel shear walls with 

sinusoidal plate was investigated in 2017 by Zhao et 

al. [16]. The results of this research showed that the 

energy absorption, strength and initial stiffness of 

corrugated steel shear walls with a large depth are 26, 

5 and 34% higher, respectively, compared to a simple 

plate shear wall. Meanwhile, the bearing capacity of a 
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flat wall is 25% higher than that of corrugated walls 

with a shallow depth. The direction of placing the 

corrugated plate inside the panel also has a small 

effect on the behavior of the sinusoidal corrugated 

walls. In 2017, Noor Alizadeh et al investigated the 

behavior of smooth steel shear walls reinforced by 

corrugated plates [17]. The results of this research 

showed that the maximum shear capacity of steel 

shear wall reinforced with corrugated plate is on 

average 31% higher than smooth steel shear walls. 

Also, the use of corrugated plate in the whole panel 

has no effect on preventing the buckling of the flat 

plate, and therefore it is not recommended to use the 

corrugated plate as a reinforcement in the whole 

panel. In 2017, Shun et al. experimentally 

investigated the cyclic behavior of corrugated steel 

shear frames [18]. The results of this research showed 

that the way of placing the corrugated plate 

horizontally or vertically inside the panel does not 

have much effect on the cyclic behavior of the 

corrugated walls. Hosseinzadeh et al investigated the 

behavior of corrugated steel shear walls in a 

laboratory in 2017 [19]. The main variable in this 

research was the plate corrugation angle. In this 

research, it was observed that by reducing the 

corrugation angle of the plate, the initial stiffness, 

load capacity and energy absorption increased. 

However, no significant relationship was found 

between the ductility coefficient and the corrugation 

angle of the plate. In 2016, Yoo and Yoo investigated 

the behavior of cold-rolled steel shear walls 

containing circular openings [20]. In this research, it 

was found that cold-rolled corrugated shear walls 

without opening have significantly high initial 

strength and stiffness, but they have poor ductility 

under cyclic loading. In 2013, Emami et al 

investigated the seismic performance of simple and 

corrugated steel shear walls [21]. The results of this 

research showed that the initial stiffness of walls with 

corrugated plates is higher than that of plain walls. 

Also, the bearing capacity of samples with corrugated 

plate is less than that of a simple wall. Corrugated 

plate samples showed up to 6% relative displacement 

and plain wall sample up to 5% relative 

displacement. 

2. Research method 

In this research, ABAQUS software will be used 

to model the studied samples. First, a one-story-one-

bay steel shear wall frame with a flat plate was 

designed using Guide No. 20 of the AISC341 

regulation, which is specific to steel shear walls, and 

then under cyclic loading, its hysteresis behavior was 

studied and the parameters of strength, stiffness and 

energy absorption were investigated. And also the 

seismic coefficients will be extracted. In the next 

step, behavior of single and double corrugated steel 

shear walls with the corrugation angle of 30, 45 and 

60 degrees was studied. It should be noted that in 

order to investigate the effects of the thickness of the 

corrugated plate, three thicknesses of 2, 4 and 6 mm 

considered. ATC24 loading protocol has been used to 

study the cyclic behavior of the samples. The images 

of single-layer and double-layer corrugated wall 

sections are shown in figures 1 and 2, respectively: 

 
Figure (1) cross-section of a single-layer corrugated wall 

 
Figure (2) cross-section of a double-layer corrugated 

wall 

3. Validation 

In this section, the validation results are presented. 

The intended validation is related to the laboratory 

work of Emami et al., which is a corrugated steel 

shear wall sample [21]. They used the plate in figure 

3 as a trapezoidal corrugated plate. 

 
Figure (3) dimensions and wave geometry in 

corrugated steel shear wall [21] 
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Dynamic implicit method was used for cyclic 

analysis in ABAQUS software. In the application 

section. The hysteresis curve obtained from the finite 

element analysis along with the laboratory results is 

also shown in Figure 4. As can be seen in the figure, 

there is a very good agreement between the 

experimental results and the finite element analysis. 

 

 
Figure (4) load-displacement curve of FE and test models 

 

4. Modeling considerations in ABAQUS 
software 

S4R type shell element has been used to model 

flat, corrugated plate and other members. Structured 

meshing technique has been used for various 

members of corrugated steel shear wall. In order to 

analyze the behavior of the studied samples in 

ABAQUS software, implicit dynamic analysis 

method has been used. In order to connect the infill 

plates to the boundary members including beams and 

columns, the tie option in the interaction module was 

used in ABAQUS software. it should be mentioned 

that the behavior of the steel used in the materials 

module in the strain hardening of Combined 

5. Specifications of the studied samples 

The geometric specifications of the studied frame 

are presented in Table 1. It should be mentioned that 

the I-shaped section is used for the beam and column 

members. d, bf, tf and tw in the mentioned tables 

mean height, flange width, flange thickness and web 

thickness, respectively. The height of all floors is 

3200 mm and the width of the frame is 5600 mm. It 

should be mentioned that ordinary steel St37 has 

been used for beam, column and plate members. The 

yield and ultimate stress of this steel were considered 

to be 240 and 360 MPa, respectively. 

6. behavior of the studied samples 

6.1. behavior of samples with a plate thickness 
of 2 mm 

Figures 5 to 7 show the hysteresis curves of 

samples with a plate thickness of 2 mm 

 

 
Figure (5) hysteresis curve of samples with a corrugation 

angle of 30 degrees and a plate thickness of 2 mm 

 

 
Figure (6) hysteresis curve of samples with a corrugation 

angle of 45 degrees and a plate thickness of 2 mm 
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Figure (7) hysteresis curve of samples with a corrugation 

angle of 60 degrees and a plate thickness of 2 mm 

 

Table 1 shows the maximum resistance values of 

corrugated and plain wall samples with 2 mm plate 

thickness. As can be seen, the resistance of 

corrugated walls with a 30-degree angle with single 

and double plate with a thickness of 2 mm is lower 

by 11.8% and 10.9%, respectively, than the flat steel 

shear wall. The resistance of corrugated walls with a 

45 degree angle with single and double plates is 

lower than flat steel shear wall by 21.3 and 13.9 

percent, respectively. Also, the resistance of single 

and double corrugated walls with an angle of 60 

degrees is lower than flat steel shear wall by 14.6% 

and 11.6%, respectively. Another result is that, the 

resistance of the double corrugated wall with angles 

of 30, 45 and 60 degrees is 1, 9.4 and 3.6% higher 

than the single layer corrugated wall, respectively. 

 

 
Table 1 

Resistance of corrugated and plain wall samples with 2 mm plate 

thickness 
corrugation angle (degree) 

sample 
60 45 30 

3

042 
2

963 
3

066 

2-layer corrugated steel 

shearwall 

2

937 
2

707 
3

035 

1-layer corrugated steel 

shear wall 

3442 Flat steel shear wall 

 

In Table 2, the energy absorption values of 

corrugated and flat wall samples with 2 mm plate 

thickness are presented. The absorbed energy of the 

single and double layer corrugated steel shear wall 

with a corrugation angle of 30 degree is lower by 

10.8 and 1.3 percent, respectively, compared to the 

flat steel shear wall. The absorbed energy of the 

double corrugated wall with a corrugation angle of 45 

degrees is 11.8% more than the flat steel shear wall. 

Meanwhile, the energy absorbed by the single-layer 

corrugated wall is 4.6% less than the simple steel 

shear wall. The absorbed energy of single and double 

corrugated walls with an angle of 60 degrees is more 

than the simple steel shear wall by 1.5 and 20.5%, 

respectively. Single layer is 10.6%, 19.5% and 18.7% 

respectively. 

Table 2 

 Absorbed energy in corrugated and flat walls samples with 2 mm 

plate thickness 

6.2. Behavior of samples with a plate thickness 
of 4 mm 

Figures 8 to 10 show the hysteresis curves of 

samples with a plate thickness of 4 mm. 

 

 
Figure (8) hysteresis curve of samples with a corrugation 

corrugation angle (degree) 
sample 

60 45 30 

5458 5065 4468 
2-layer corrugated 

steel shearwall 

4598 4237 4039 
1-layer corrugated 

steel shear wall 

4529 
Flat steel shear 

wall 
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angle of 30 degrees and a plate thickness of 4 mm 

 

 
Figure (9) hysteresis curve of samples with a corrugation 

angle of 45 degrees and a plate thickness of 4 mm 

 

 
Figure (10) hysteresis curve of samples with a corrugation 

angle of 60 degrees and a plate thickness of 4 mm 

 
Table 3 shows the maximum resistance values of 

corrugated and flat wall samples with 4 mm plate 

thickness. According to the values in Table 4, in the 

case of steel shear walls with a plate thickness of 4 

mm, the results are as follows: 

The maximum resistance of single and double 

layer corrugated steel shear wall with 30 degree 

corrugation angle is lower by 16.4% and 16.8% 

respectively compared to flat steel shear wall. The 

resistance of corrugated walls with a 45 degree angle 

with single and double plates is 16.7% and 8.9% less 

than flat steel shear wall, respectively. Also, the 

resistance of single and double corrugated walls with 

an angle of 60 degrees is lower by 1.8 and 1.4 

percent, respectively, compared to flat steel shear 

wall. The resistance of the double corrugated wall 

with angles of 45 and 60 degrees is higher than the 

single layer corrugated wall by 9.4% and 4.3%, 

respectively. The resistance of the double corrugated 

wall with an angle of 30 degrees is 0.4% less than the 

single layer corrugated wall. 

 

Table 3 

Strength of corrugated and simple wall samples with 4 mm 

plate thickness 
corrugation angle 

sample 
60 45 30 

4477 4254 3884 
2-layer corrugated steel 

shear wall 

4292 3889 3901 
1-layer corrugated steel 

shear wall 

4670 Flat steel shear wall 

 

 

Table 4 shows the energy absorption values of 

corrugated and plain wall samples with 4 mm plate 

thickness. The absorbed energy of the double 

corrugated wall with a corrugation angle of 30 

degrees is 10.9% more than the simple steel shear 

wall. Despite this, the absorbed energy of the single-

layer corrugated wall is 1.8% lower than that of the 

simple steel shear wall. The absorbed energy of the 

double corrugated wall with a corrugation angle of 45 

degrees is 24% more than that of the simple steel 

shear wall. The absorbed energy of the single-layer 

corrugated wall is 3.8% less than the simple steel 

shear wall. The absorbed energy of the double and 

single layer corrugated wall with a corrugation angle 

of 60 degrees is 10% and 41% higher than the simple 

steel shear wall, respectively. The absorbed energy in 

double corrugated walls with angles of 30, 45 and 60 

degrees is 21, 28 and 27% higher than single layer 

corrugated wall, respectively. 
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Table 4 

Absorbed energy in corrugated and flat wall samples with 4 

mm plate thickness 

corrugation angle 
sample 

60 45 30 

5458 5065 4468 
2-layer corrugated steel 

shearwall 

4598 4237 4039 
1-layer corrugated steel 

shear wall 

4529 Flat steel shear wall 

 

 

6.3. Behavior of samples with a plate thickness of 6 

mm 

Figures 11 to 13 show the hysteresis curves of 

samples with a plate thickness of 6 mm. 

 
Figure (11) hysteresis curve of samples with a corrugation 

angle of 30 degrees and a plate thickness of 6 mm 

 
Figure (12) hysteresis curve of samples with a corrugation 

angle of 45 degrees and a plate thickness of 6 mm 

 
Figure (13) hysteresis curve of samples with a corrugation 

angle of 60 degrees and a plate thickness of 6 mm 

In table 5, the maximum resistance values of 

corrugated and flat wall samples with 6 mm plate 

thickness are presented. According to the values in 

Table 6, in the case of steel shear walls with a plate 

thickness of 6 mm, the results are as follows: 

• The maximum strength of single and double 

layer corrugated steel shear wall with 30 degree 

corrugation angle is lower by 12.6% and 6.75% 

respectively compared to plain steel shear wall. 

• The resistance of corrugated walls with a 45-

degree angle with single and double plates is 4.5% 

and 1.3% less than plain steel shear wall, 

respectively. 

• The resistance of a single-layer corrugated wall 

with a 60-degree angle is 0.15% less than a simple 

steel shear wall. Meanwhile, the double corrugated 

wall is 2.3% more than the simple steel shear wall. 

The resistance of the double corrugated wall with 

angles of 30, 45 and 60 degrees is higher than the 

single layer corrugated wall by 6.7%, 4.3% and 3.4% 

respectively. 

Table 5 

Strength of corrugated and simple wall samples with 6 mm plate 

thickness 

Corrugation angle (degree) 
Sample 

60 45 30 

5839.94 5580.87 5274.92 
2-layer corrugated steel 

shearwall 

5648.34 5347.56 4944.33 
1-layer corrugated steel 

shear wall 

5657.18 Flat steel shear wall 
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In Table 6, the energy absorption values of 

corrugated and plain wall samples with 6 mm plate 

thickness are presented. 

• The absorbed energy of the double corrugated 

wall with a corrugation angle of 30 degrees is 13% 

more than the simple steel shear wall. Despite this, 

the absorbed energy of the single-layer corrugated 

wall is 3.8% lower than that of the plain steel shear 

wall. 

• The absorbed energy of the double and single 

layer corrugated wall with a corrugation angle of 45 

degrees is 1 and 35% higher than the simple steel 

shear wall, respectively. 

• The absorbed energy of the double and single 

layer corrugated wall with a corrugation angle of 60 

degrees is 18% and 57% higher than the simple steel 

shear wall, respectively. 

• The absorbed energy in double corrugated walls 

with angles of 30, 45 and 60 degrees is 23, 34 and 

32% higher than the single layer corrugated wall, 

respectively. 

Table 6 

Strength of corrugated and simple wall samples with 6 mm plate 

thickness 

Corrugation angle (degree) 
Sample 

60 4
5 

3
0 

11038 9553 7944 
2-layer corrugated steel 

shearwall 

8326 7092 6445 
1-layer corrugated steel 

shear wall 

7030 Flat steel shear wall 

 

7. Seismic coefficients of the studied samples 

Tables 8 to 10 show the values of seismic 

coefficients in corrugated and plain wall samples 

with plate thickness of 2, 4 and 6 mm. As stated in 

the mentioned tables, the values of behavior 

coefficients and plasticity of smooth steel shear walls 

are higher than single and double layer corrugated 

walls. Nevertheless, the added resistance factor of the 

studied samples is almost equal to each other. 

8. Conclusion 

The results of the numerical modeling done in this 

thesis are as follows: 

ABAQUS software has a remarkable ability to 

predict the behavior of corrugated steel shear wall. 

o The values of coefficients of behavior and 

plasticity of smooth steel shear walls are higher than 

single and double layered corrugated walls. 

Nevertheless, the added resistance factor of the 

studied samples is almost equal to each other. 

o The resistance of corrugated steel shear walls, 

both single and double layer, is lower than plain steel 

shear wall. Only the resistance of the double-layer 

corrugated wall with a corrugation angle of 60 

degrees and a thickness of 6 mm was higher than that 

of the plain wall. 

o The resistance of double-layer corrugated steel 

shear walls is higher than that of single-layer 

corrugated steel shear walls. 

o Energy absorption of double-layer corrugated 

steel shear wall is more than plain steel shear wall. 

o Energy absorption of double-layer corrugated 

steel shear wall is more than single-layer corrugated 

steel shear wall. 

o Increasing the angle of the corrugated plate has 

increased the strength and energy absorption of the 

single and double layer corrugated steel shear wall. 
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Scholars Pavilion or Scholars Chartagi is a monument donated by the Islamic Republic of 

Iran to the United Nations Office at Vienna. The monument architecture is claimed by the 

Islamic Republic News Agency of Iran to be a combination of Islamic and Achaemenid 

architecture, although the latter clearly predominates in the decorative features, with Persian 

columns and other features from Persepolis and other remains from the Achaemenid dynasty. 

The Chahartaq pavilion form runs through the architecture of Persia from pre-Islamic times 

to the present. 

Statues of four famous Persian medieval scholars, Omar Khayyam, Al-Biruni, Muhammad 

ibn Zakariya al-Razi and Ibn-Sina are inside the pavilion. This monument donated in June 

2009 in occasion of Iran's peaceful developments in science. 

 


