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This study investigates the feasibility of replacing conventional upper and lower clay blocks in the
Intel-Deck roof system with autoclaved aerated concrete (AAC) units, evaluating both structural
performance under lateral loading and environmental sustainability indicators. Construction waste
management and building energy performance scenarios for AAC and traditional clay bricks were
modeled using DesignBuilder through energy simulation and waste-related output assessment. The
resulting life cycle inventory data were analyzed in openLCA using a life cycle assessment (LCA)
framework based on the TRACI impact assessment methodology to quantify environmental burdens.
From a structural perspective, reinforced concrete frames incorporating AAC-based Intel-Deck slabs
were modeled in ETABS using linear static analysis to evaluate story drifts, internal forces, and
reinforcement demand. Furthermore, three-dimensional finite element modeling was carried out in
ABAQUS under quasi-static lateral loading conditions using nonlinear analysis to determine the
equivalent slab thickness of the AAC-integrated roof system. The results indicate that clay brick
construction exhibits higher global warming potential, ozone depletion, and fossil fuel consumption
compared to AAC, while nonlinear finite element analysis yields an equivalent slab thickness of
approximately 15 cm for structural equivalency.
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1. Introduction

In recent years, increased competition and the drive for
progress have led many countries to focus their activities and
capabilities on infrastructure industries, especially the const-
ruction industry, and one of the most notable activities in this
industry has been innovation in the field of slab and roof
systems. Among these innovations, biaxial voided slab sys-
tems have been introduced as an advanced structural solution
aimed at reducing self-weight while maintaining structural
efficiency through the incorporation of strategically spaced
voids within the concrete section. Recent experimental and
numerical investigations have demonstrated that the size and
spacing of void formers significantly influence the flexural
stiffness and ultimate load-carrying capacity of such systems,
highlighting the importance of geometric parameters in their
structural performance [1,2]. According to Figure 1, the Intel-
Deck roof uses an I-shaped cross-section, which improves
mechanical properties and saves on rebar percentage, as well
as reducing long-term deflection. In this roof system, two
types of blocks are used in the lower and upper parts of the
slab, which are usually made of lightweight concrete and
polystyrene.

Due to the advantages of using lightweight concretes,
these materials have been recognized as one of the most wide-
ly used construction materials in recent years and the demand
for their use is increasing [3]. Foam concrete is considered
one of the most important types of lightweight concrete.
Foam concrete, which is created by creating foam or releasing
gas bubbles in the cement paste during its manufacture, is
divided into two general categories; foam concrete and
autoclave aerated concrete (AAC) [4,5]. Autoclaved aerated
concrete (AAC) has attracted considerable attention as a
lightweight construction material due to its porous structure
and favorable thermal and acoustic properties. Experimental
studies indicate that the mechanical performance of AAC
masonry depends significantly on block—mortar interaction,
while advanced ultra-lightweight formulations have achieved
improved thermal efficiency through microstructural regulat-
ion and optimized tobermorite formation. The geometry and
distribution of air pores strongly influence stiffness, strength,
and durability, and long-term exposure to moisture further
highlights the importance of durability considerations in
porous mineral materials. Recent research has also focused
on enhancing sustainability through the incorporation of
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industrial by-products and alternative pozzolanic materials,
which affect hydration mechanisms, phase transformation,
and autoclaving efficiency. At the structural level, investiga-
tions on AAC wall joints demonstrate that connection detail-
ing plays a critical role in load-bearing capacity and cracking
behavior, emphasizing the need for an integrated understand-
ing of material characteristics and structural performance [6-
13]. A study by Fouad et al. [14] on the environmental impact
assessment of AAC materials in the United States showed
that the efficiency of these materials is higher than that of
wood and conventional concrete. Shi et al. [15] and Reyes-
Quijije et al. [16] also conducted a similar study in China and
Ecuador, respectively, in which they also reported high
energy efficiency in the production, transportation and consu-
mption of AAC materials compared to similar construction
materials. In another work by Raj et al. [17], studies were
conducted on the energy consumption and environmental
impacts of all stages of AAC block production.

Recent international studies have increasingly evaluated
autoclaved aerated concrete (AAC) from environmental,
economic, and thermal performance perspectives. Life cycle
assessment (LCA) investigations of AAC production pro-
cesses have identified key contributors to environmental
impacts, particularly cement production, lime processing,
slurry preparation, and steam curing, which significantly
influence ecotoxicity and resource depletion indicators [10].
Comparative analyses between AAC and fired-brick wall
systems further demonstrate that while AAC walls generally
exhibit higher thermal resistance (R-values), fired-brick walls
may present lower total environmental burdens and life cycle
costs under certain configurations [18]. Multi-criteria decis-
ion-making approaches, including Analytic Hierarchy Proce-
ss (AHP), highlight that optimal wall selection depends on
balancing environmental impacts, embodied energy, thermal
performance, and economic factors [18].

At the building-envelope scale, wall systems play a domi-
nant role in operational energy demand, accounting for a
substantial portion of total building energy consumption [19].
Experimental studies conducted under real climatic condit-
ions indicate that AAC and AAC sandwich wall systems
significantly reduce indoor temperature fluctuations, heat
load levels, and CO: emissions compared to conventional
brick walls [20].
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In particular, AAC sandwich configurations enhance
thermal inertia and energy efficiency, achieving considerable
long-term energy savings over a typical building life cycle
[20,21]. Dynamic thermal response analyses further confirm
that AAC-based insulated wall systems effectively attenuate
temperature amplitudes and reduce heat consumption indices,
reinforcing their potential in low-carbon and energy-efficient
building design [21].

What motivated this research was one of the common
implementation problems in Intel-Deck roofing systems.
According to Figure 2, in the usual case, the lower blocks of
the Intel-Deck roof are made of lightweight concrete, and the
upper blocks are polystyrene. Fracture of polystyrene blocks
during the construction, concrete pressure, and the weight of
the rebars is a common construction problem in Intel-Deck
roofs. On the other hand, the release of toxic gases under high
temperatures (in a fire) is another disadvantage of polystyrene
blocks. In terms of construction problems, fracture, crushing,
and throwing of the lower blocks is also a frequent problem
[2].

The main objective of this study is to investigate the feasi-
bility of replacing the conventional upper and lower blocks in
the Intel-Deck roof system with autoclaved aerated concrete
(AAC) units. The structural performance of the modified sys-
tem was evaluated and compared with the conventional confi-
guration, with particular emphasis on lateral load behavior. In
parallel, the environmental justification of AAC application
was assessed based on sustainable development indicators in
comparison with traditional clay brick materials. A SWOT
(Strengths, Weaknesses, Opportunities & Threats) frame-
work was first employed to perform a qualitative technical
and economic assessment of AAC and brick systems. Subseg-
uently, building energy simulation and construction waste
management scenarios were modeled using DesignBuilder
software to quantify energy consumption and waste-related
outputs. The resulting life cycle inventory data were further
analyzed through environmental impact assessment using the
openLCA platform based on the TRACI methodology.

Goals (choosing the type of construction materials)

NA

Collecting information using construction industry experts
and data from materials production companies

<

From a structural perspective, linear static analysis and
drift evaluation of reinforced concrete frames incorporating
Intel-Deck slabs were carried out in ETABS software, consid-
ering different diaphragm modeling approaches. Further-
more, nonlinear three-dimensional finite element analysis
(FEM) under quasi-static lateral loading was performed in
ABAQUS to determine the equivalent slab thickness corres-
ponding to the AAC-based roof system. The integration of
environmental assessment and advanced structural modeling
provides a comprehensive evaluation framework for assess-
ing the structural and sustainability performance of AAC-
integrated Intel-Deck systems.

2. Materials and methods
2-1. SWOT method

In this study, SWOT approach was used to evaluate the
technical and economic features of AAC blocks. The general
schematic of this method is shown in Figure 3. In general,
SWOT method analyzes the internal and external environ-
ments and makes strategic decisions based on them. Here,
first, the parameters examined in the SWOT analysis are
introduced, and then a comparison is made of the materials
used in the building.

Fig.2. Details of the lower and upper blocks in
a conventional Intel-Deck roof system
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The data used here is related to the information available
in the studies and product specifications of Happho Company
[22], which is a leading company in the world in the field of
construction. In this study, in order to investigate and analyze
the environmental impacts of ACC materials, various param-
eters were considered, including constituent materials, size
variations, compressive strength, profitability, fire resistance,
final product quality, sound insulation, energy storage,
environmental compatibility, construction cost, connection
process, availability, thermal insulation, contractor issues, tax
issues, scope of application, and water absorption. It is
obvious that some of these factors overlap with each other
and other factors can also be used in comparative analyses;
however, considering the previous research and also the
consultation of experts in Iran's construction industry, these
parameters were sufficient here.

In this study, to assess the environmental impacts of using
AAC materials, a scenario was developed based on the data
available in the region and standard data using DesignBuilder
software [23]. The “region” refers to the local climate, weath-
er conditions, and energy and construction characteristics
associated with the geographical location under study. These
include monthly average temperature, relative humidity, solar
radiation, prevailing wind direction, local energy prices,
dominant building types, and conventional construction sys-
tems. Such regional parameters are integrated within the
BIM-based LCA framework to ensure consistency between
climatic data, material inventories, and environmental data-
bases at different levels of development (LOD). Climate data
were obtained from regional meteorological sources and
DesignBuilder weather files (EPW format), while construc-
tion-related information was derived from local case studies
and municipal building archives [24]. Therefore, here the
geographical location of Kermanshah province was consider-
ed and its climatic and construction data were considered as
the main input of the model to perform a more accurate
simulation. In the modeling in DesignBuilder software, two
different scenarios of implementing Intel-Deck roofs were
performed for energy consumption analysis and environ-
mental assessment. Basically, input data have a key role in
the accuracy, validity and applicability of DesignBuilder
modeling results. In this study, data were extracted from two
main sources; climatic-regional variables of the project loca-
tion and physical and thermodynamic data of the materials
used in two scenarios of traditional block and AAC. Here, the
EPW climatic file of Kermanshah province was used. Finally,
two scenarios for energy modeling and environmental analy-
sis were defined in DesignBuilder software, including a buil-
ding with perimeter walls and internal partitions made of clay
bricks or made of AAC materials; Some of the key inputs are
given in Table 1.

According to Table 1, the thickness of the roof block was
considered equal in both scenarios to investigate the effect of
the type of materials on thermal performance. AAC block has
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a lower density than traditional blocks, which leads to a
reduction in the weight of the structure and improved thermal
performance. AAC block has a lower thermal conductivity
coefficient, which indicates its better thermal insulation.
Also, the higher thermal capacity of AAC block helps
maintain the internal temperature of the building. The lower
value of the overall heat transfer coefficient U in the second
scenario indicates a reduction in heat transfer through the
roof. The reduction in energy consumption in the second
scenario is due to the better thermal performance of AAC
block. The reduction in greenhouse gas emissions in the
second scenario is due to the reduction in energy consumption
and the use of materials with a cleaner production process.
Also, the maintenance costs of the building are higher if brick
materials are used in the internal and external walls of the
building than AAC materials because they require supple-
mentary insulation.

Comparison of outputs such as energy consumption,
emitted pollutants and thermal performance, the basis of
environmental analysis, was performed in OPENLCA soft-
ware. The amount of pollutants resulting from the recycling
or waste disposal stages of each scenario and the energy
consumed in them were calculated. Then, the obtained data
were entered into the openLCA software [25] and the
environmental impact assessment was performed using the
TRACI (Tool for the Reduction and Assessment of Chemical
and other environmental Impacts) [26] method. Finally, the
results of the scenarios were compared and analyzed, and the
results are presented in the next section of the article. In order
to conduct the life cycle assessment of environmental sustain-
ability in reinforced concrete buildings, two separate
scenarios were defined based on quantitative and qualitative
information of the building, construction specifications,
construction equipment, biological processing, and thermal
processing. After defining the scenarios, the amount of
production and emission of pollutants (in water or air) was
estimated by this model based on the amount of energy and
fuel consumed, as well as the energy produced for each
scenario. Finally, the outputs of this model were used in the
initial life cycle inventory stage.

2-2. Life Cycle Inventory (LCI)

In this section, the information and outputs generated by
DesignBuilder were transferred to the openLCA platform for
environmental impact assessment.

Table 1. Input values of key parameters in the DesignBuilder model

Parameter 1% Senario: 2" Senario:
Brick material AAC blocks

Block thickness (cm) 25 25

Density (kg/m3) 1500-1900 300-800

Thermal conductivity coefficient (W/m-K) 1.4 0.12

Specific heat capacity (J/kg-K) 840 1000

Overall heat transfer coefficient (W/m2-K) 1.8 0.45

Annual energy consumption (kWh/m2) 180 130

Annual CO: emissions (kg/m?) 90 65
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The integration was conducted within a BIM-based LCA
framework, ensuring that the level of development (LOD) of
building components was consistent with the level of detail
available in the selected environmental databases. The open-
LCA databases, developed according to internationally
recognized life cycle assessment standards, provide compre-
hensive background data that enable reliable estimation of
embodied environmental impacts when detailed material
information becomes available. [24]. For energy sources and
raw materials, generic data are available in various LCA
databases. In this study, data related to diesel fuel production
and emissions were used from the ELCD database, located in
the openLCA life cycle assessment software, which is based
on the Euro IV fuel standard and is also accepted here in Iran.
The openLCA's database has all the flows (materials and
energy) and processes necessary for modeling with different
databases [25]. In order to calculate and evaluate the environ-
mental impacts of the scenarios considered by the openLCA
software, an environmental impact assessment using the
TRACI method was performed on the data obtained from the
life cycle inventory stage. Here, the data entered into the
openLCA software were evaluated for environmental impacts
based on the TRACI method at 10 different impact levels
including acidity, ecosystem toxicity, eutrophication (excess-
ive nutrient enrichment), global warming, human health in
terms of carcinogenicity, human health in terms of non-
carcinogenicity, ozone depletion, photochemical smog, fossil
fuel depletion, and respiratory effects. In general, the results
of life cycle inventory are assigned to different impact classes
according to their type and impacts, and their final value is
calculated by multiplying the amount of materials consumed
or pollutants produced by a characteristic factor. The charac-
teristic factor (coefficient) determines the impact potential of
each pollutant relative to its average unit in each impact class.

2-3. Global Structural Analysis Using ETABS

In order to evaluate the structural effects of using AAC
components in a structural roof system, in this study, a refer-
ence building frame was modeled by ETABS software using
SLAB section for the roof and considering the contribution of
the roof to the lateral stiffness of the structure.

The FILLED DECK section in the ETABS's library is a
type of composite roof that is made of a metal trapezoidal
deck with a set of shear studs which also is used as a mold
during construction. Typically, users and engineers attempt to
model the roof by introducing the structural dimensions of the
Intel-Deck roof as input parameters of the FILLED DECK
section and omitting the roof thickness. However, the effect-
iveness of this method in terms of the structural role of the
Intel-Deck roof with AAC components needs to be examined.
On the other hand, ETABS software has another section
called SLAB that can model both bending and membrane
behavior of the slab.
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A plate-bending element has one translational degree of
freedom perpendicular to the section plane and two rotational
degrees of freedom about the horizontal axes at each node. In
this study, three- and five-story reinforced concrete moment-
resisting frame models incorporating the Intel-Deck roof
system with AAC components were developed. Two diaph-
ragm modeling approaches were considered: in the first
configuration, the roof system was modeled using the
FILLED DECK section definition, whereas in the second
configuration, it was modeled using the SLAB section
definition. The structural model consists of four columns in
each principal direction (longitudinal and transverse),
resulting in a total of sixteen columns with a center-to-center
spacing of 4 m, with a typical story height of 3.2 m and a
ground (pilot) story height of 3 m. A semi-rigid diaphragm
was assigned to the floor system, and the base shear
coefficient (C = 0.1178) was calculated in accordance with
the Iranian Code of Practice for Seismic Resistant Design of
Buildings (Standard No. 2800), 4th Edition [27].

The structural loading and definition of static load cases
were determined in accordance with the National Building
Regulations of Iran — Part 6 [28]. The dead load was
considered as 470 kg/m? for the floors and 280 kg/m? for the
roof, while the live load of the floors was taken as 200 kg/m2.
To account for internal partitions, a gravity load of 750 kg/m?2
was applied to the typical floors and 375 kg/m2 to the top
floor. According to the Iranian Seismic Code (Standard No.
2800), reduction factors of 0.35 for beam moment of inertia
and 0.7 for column moment of inertia were adopted to
account for concrete cracking effects. Table 2 presents the
cross-sectional characteristics of the three- and five-story
frame models.

2-4. Nonlinear 3D FEM Analysis in ABAQUS

To calibrate the equivalent thickness of the AAC-based
Intel-Deck roof, a detailed three-dimensional finite element
model was developed in ABAQUS. The modeling approach
involved representing concrete elements as solid (3D)
components and reinforcing bars as wire (linear) elements.
Both the AAC-based and the conventional Intel-Deck sys-
tems were modeled. The interaction between various compo-
nents was applied to the structure using the ‘Embedded
Region’ tool. Gravitational loads were applied at the same
magnitudes as in the ETABS linear analysis, and lateral loads
were applied as acceleration time-histories corresponding to
the Tabas earthquake, acting at the column bases. The
boundary conditions were also determined in accordance with
this type of lateral loading. The equivalent thickness was
determined through a manual iterative calibration procedure,
in which the slab thickness in the ETABS model was adjusted
within practical and constructible limits, and nonlinear lateral
analysis was repeated after each modification. The process
continued until the difference in global lateral displacement
between the two roof systems was less than or equal to 10%,



Nasri, S, Mollaei, S., Jahani, D., & Samereh, M.] / Advances in Sustainable Energies & Environment, 1 (2026) 3, 14 - 28

and convergence was achieved after approxi-mately twenty earlier, while the specifications of the concrete joists and the
iterations, indicating acceptable equivalence in global stiff- final assembled roof geometry are provided in Figure 4. The
ness between the AAC-based and conventional configurat- geometric specifications of the proposed roof are presented in
ions. The geometric specifications of the afore-mentioned the images provided below.

AAC blocks are presented according to Figure 2 provided

Table 2. Details of the cross-sectional members of the 3" and 5 floor frames in this study

Geometry Beams Beams Geometry Columns Columns Floor no.
reinforcement dimension (cm) reinforcement dimension (cm)
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Fig.4. Geometric and completed details of the Intel-Deck roof system. (a) Geometric specifications of the joists and AAC blocks.
(b) Image of the joists and their overlaying slab, excluding the AAC blocks. (C) Final and complete image of the Intel-Deck
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3. Results and Discussion
3-1. Outputs of Designbuilder model for the 1% scenario

In the models developed using DesignBuilder, two
separate scenarios were defined for comparison. The first
scenario considered construction waste management for a
residential building constructed with conventional Reinforc-
ed Concrete (RC) materials and brick walls and partitions.
The second scenario evaluated the same building incorporate-
ing an Intel-Deck roof system and walls made of autoclaved
aerated concrete (AAC) blocks. The outputs obtained from
the DesignBuilder simulations for both scenarios included
fuel and energy consumption, as well as air and water
pollutant emissions. The results related to fuel consumption
for the first scenario are presented in Table 3. It should be
noted that negative values indicate energy savings, energy
production or recovery, energy storage, and reductions in
pollutant emissions.

As can be seen in Table 3, the impact of energy recovery
(electricity generation) from construction waste is reported as
negative numbers. The total energy at each stage is given in
the last column, which includes the sum of electrical energy
consumed/generated, electrical energy saved from recycling,
gasoline, diesel, and natural gas, and these values are per unit
of operation. Given the low fuel consumption, the 1% scenario
is environmentally acceptable in this section.

The outputs from the DesignBuilder software for the first
scenario in the section related to pollutant emissions to air and
water are shown in Table 4. The amount of pollutants produc-
ed depends on many factors such as the design approach,
construction location, the presence of a methane gas collect-
ion system, and the composition of building materials. If
energy extraction and electricity generation from the site is
possible in this scenario, the amount of pollutants and green-
house gases produced will be significantly reduced. As can
be seen in Table 4, the collection, control, and extraction of
gas from the construction site in this scenario reduces the
emission of pollutants into the atmosphere, which is indicated
by a negative sign. Also, the highest emissions of pollutants
released into the air are related to carbon dioxide and meth-
ane, which also play a major role in global warming.

According to Table 4, the use of a waste collection and
transportation system at the landfill stage has reduced the
release of pollutants into water, which is indicated by a negat-
ive sign. At the same time, the high oxygen consumption indi-
ces at the landfill (BOD and COD) indicate that the surface
and groundwater of the area are polluted by construction mat-

erials, although attempts have been made to reduce their
release by using a construction waste collection system. The
most produced pollutants in this sector are ammonium, chlor-
inated hydrocarbons, and fluoride, respectively.

3-2. DesignBuilder Model Outputs for the 2" Scenario

In the second scenario, which concerns the use of AAC
components in Intel-Deck roofs as well as the walls and parti-
tions, the amount of energy consumed/produced and the poll-
utant release into water and air have been calculated separate-
ly in each sector. The results of the DesignBuilder software
for the second scenario in the fuel consumption (energy)
section are shown in Table 5. Table 5 shows the amounts of
electricity, diesel, and natural gas consumed, as well as the
electricity generated in the sorting, biological processing,
waste, and recycling stages.

For the case of using AAC materials, by providing the
possibility of energy recovery and electricity generation, as
well as recycling, it has improved the environmental perform-
ance of the 2" scenario in this section by saving the amount
of energy consumed, which is indicated by a negative sign in
Table 5. In general, recycling can reduce the amount of raw
material consumption and reduce energy consumption in the
material production plant as well as the energy used to
transport raw materials, etc. Also, the use of AAC techno-
logy, which does not require high energy and allows for mat-
erial recovery, makes this part of the scenario environment-
ally acceptable.

The outputs from the DesignBuilder software for the
second scenario in the section on pollutant emissions to air
and water are shown in Table 6. According to Table 6, the
amount of pollutant emissions to air has been estimated for
the stages of sorting, biological processing, waste disposal,
and recycling. In this section, AAC materials have reduced
the emission of pollutants into the air by providing the
possibility of using a waste collection system. Recycling can
reduce the consumption of raw materials and therefore reduce
the production of pollutants. The negative sign indicates the
reduction of pollutant emissions or energy savings, which
shows the reducing effect of the relevant disposal method on
pollutant emissions; this reduction is compared to the case
where this method is not implemented. In Table 6, the most
pollutants emitted into the air during the separation, biologi-
cal processing and waste disposal stages are carbon dioxide
and methane, respectively. Given the high rate of recyclabi-
lity, the global warming potential of AAC materials is much
lower than that of conventional brick materials.

Table 3. Outputs of the DesignBuilder model for the first scenario in the fuel consumption section

Units Collection Sorting Biological Thermal Landfill Recycling Total
Elec-Consumed kWh 0 0 0 0 153,815 NA 153,815
Elec-Generated kWh NA” NA 0 0 4,030,571 NA 4,030,571
Elec-Recycling kWh NA NA NA NA NA 0 0
Petrol litres 0 NA NA NA NA NA 0
Diesel litres 0 0 0 0 52,517 0 52,517
Nat-gas m? NA 0 NA 0 NA NA 0
Total GJ 0 0 0 0 -36,311 0 -36,311
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Table 4. Outputs of the DesignBuilder model for the first scenario in the section of pollutant emissions into air (top) and water (bottom)

Units Collection Sorting Biological Thermal Landfill Recycling Total
BOD g 0 0 0 NA 15,305,148 0 15,305,148
COD g 0 0 0 NA 15,297,790 NA 15,297,790
SuspendedSolids g 0 0 0 NA -397,176 0 -397,176
TOC g 0 0 0 NA -109,270 0 -109,270
AOX g 0 0 0 NA 12,339 0 12,339
Chlorinated HC g 0 0 0 NA 6,359 0 6,359
Dioxins/Furans ¢ 0 0 0 NA 0 0 0
Phenols g 0 0 0 NA 1,462 0 1,462
Aluminium g 0 0 0 NA -702,972 0 -702,972
Ammonium g 0 0 0 NA 116,832 0 116,832
Arsenic g 0 0 0 NA -1,318 0 -1,318
Barium g 0 0 0 NA -70,365 0 -70,365
Cadmium g 0 0 0 NA 41 0 41
Chlorid g 0 0 0 NA -6,089,556 0 -6,089,556
Chromium g 0 0 0 NA -6,622 0 -6,622
Copper g 0 0 0 NA -3,123 0 -3,123
Cyanide g 0 0 0 NA -46 0 -46
Fluoride g 0 0 0 NA 2,410 0 2,410
Iron g 0 0 0 NA -352,840 0 -352,840
Lead g 0 0 0 NA -3,859 0 -3,859
Mercury g 0 0 0 NA 2 0 2
Nickel g 0 0 0 NA -2,465 0 -2,465
Nitrate g 0 0 0 NA -20,608 0 -20,608
Phosphate g 0 0 0 NA -41,370 0 -41,370
Solphate g 0 0 0 NA -7,887,087 0 -7,887,087
Solphide g 0 0 0 NA -208 0 -208
Zinc g 0 0 0 NA -2,855 0 -2,855
Particulates g 0 0 0 0 -1,892,063 0 -1,892,063
co g 0 0 0 0 4,998,484 0 4,998,484
Co2 g 0 0 0 0 13,790,132,185 0 13,790,132,185
CH4 g 0 0 0 NA 2,105,836,223 0 2,105,836,223
Nox g 0 0 0 0 -180,400 0 -180,400
GWP g 0 0 0 0 58,007,719,234 0 58,007,719,234
N20 g 0 0 0 NA -16,044 0 -16,044
Sox g 0 0 0 0 -8,380,401 0 -8,380,401
HCI g 0 0 0 0 118,676 0 118,676
HF g 0 0 0 NA 40,920 0 40,920
H2S g 0 0 0 0 1,075,732 0 1,075,732
TotalHC g 0 0 0 0 11,061,785 0 11,061,785
Chlorinated HC g 0 0 0 NA 241,640 0 241,640
Dioxins/Furans g 0 0 0 NA 0 0 0
Ammonia g 0 0 0 NA -4,689 0 -4,689
Arsenic g 0 0 0 NA 0 0 0
Cadmium g 0 0 0 0 -5 0 -5
Chromium g 0 0 0 NA 4 0 4
Copper g 0 0 0 0 0 0 0
Lead g 0 0 0 0 -328 0 -328
Manganese g 0 0 0 0 -153 0 -153
Mercury g 0 0 0 0 -47 0 -47
Nickel g 0 0 0 0 -2,216 0 -2,216
Zinc g 0 0 0 NA -108 0 -108
Table 5. Outputs of the DesignBuilder model for the second scenario in the fuel section

Units Collection Sorting Biological Thermal Landfill Recycling Total
Elec-Consumed ~ kWh 0 263,588 1,331,715 0 19,446 NA 1,614,479
Elec-Generated kWh NA NA 0 0 1,334,153 NA -1,334,153
Elec-Recycling ~ kWh NA NA NA NA NA 27,214,087 27,214,087
Petrol litres 0 NA NA NA NA NA 0
Diesel litres 0 116 930 0 9,364 4,599 15,009
Nat-gas m? NA 2,109 NA 0 NA NA 2,109
Total GJ 0 2,760 13,426 0 -12,738 -273,421 -269,742

The absence of the need to transport waste to material
manufacturing plants in this scenario reduces greenhouse gas
emissions.

According to Table 6, using the waste collection and
transportation system, there is a reduction in the release of
pollutants into the aquatic environment. Also, recycling waste
by reducing the consumption of raw materials has reduced the
release of pollutants into water. The effect of recycling, which
reduces AOX (absorbable halogenated organic compounds)
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and COD, is indicated by a negative sign. Due to the need for
moisture in AAC parts, the amount of water pollution is high
in terms of BOD and COD indices in the biological
processing stage. However, due to the prevention of material
transfer to construction sites, the 2" scenario causes less
pollution than if all construction materials are sent to the
landfill. Also, in this stage, the release of heavy metals such
as zinc, nickel, lead, iron, copper, chromium, cadmium is
higher than in other stages.
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Table 6. Outputs of the DesignBuilder model for the second scenario in the section of pollutant emissions in air (top) and in water (bottom)

Units Collection Sorting Biological Thermal Landfill Recycling Total
BOD g 0 26 2,599,237 NA 2,813,936 3,780,532 9,193,732
Ccob g 0 527 4,396,677 NA 2,811,440 -114,179,089 -106,968,445
SuspendedSolids g 0 37,245 188,274 NA -155,336 7,094,573 7,164,765
TOC g 0 8,444 41,789 NA -36,985 7,328,381 7,341,629
AOX g 0 1 7 NA 5,108 -1,183,806 -1,178,690
Chlorinated HC g 0 0 2 NA 2,158 357 2,517
Dioxins/Furans ¢ 0 0 0 NA 0 0 0
Phenols g 0 60 304 NA 557 -1,998 -1,076
Aluminium g 0 47,861 241,482 NA -238,397 -1,260,238 -1,209,292
Ammonium g 0 926 453,905 NA 34,721 27,783 517,335
Arsenic g 0 96 483 NA -439 -2,689 -2,549
Barium g 0 4,790 24,173 NA -23,863 -106,828 -101,729
Cadmium g 0 3 16 NA 11 -18 12
Chlorid g 0 529,710 2,682,389 NA -2,119,360 38,618,350 39,711,090
Chromium g 0 476 2,402 NA -2,174 -13,765 -13,061
Copper g 0 235 1,187 NA -997 -3,804 -3,378
Cyanide g 0 3 16 NA -16 -3,371,816 -3,371,813
Fluoride g 0 0 0 NA 947 -226 721
Iron g 0 64,024 323,373 NA -147,938 -129,428 110,032
Lead g 0 289 1,459 NA -1,307 -6,641 -6,199
Mercury g 0 0 0 NA 1 6 7
Nickel g 0 239 1,208 NA -673 -6,596 -5,822
Nitrate g 0 1,401 7,080 NA -6,989 2,085,012 2,086,504
Phosphate g 0 2,817 14,211 NA -14,030 -24,949 -21,951
Solphate g 0 539,780 2,725,728 NA -2,682,021 14,792,181 15,375,668
Solphide g 0 14 71 NA -70 79 94
Zinc g 0 481 2,424 NA -641 -12,824 -10,560
Particulates g 0 134,845 681,463 0 -652,334 -2,839,041 -2,675,068
Cco g 0 17,814 95,605 0 4,998,484 -15,534,082 -13,900,722
Co2 g 0 113,945,992 574,956,748 0 4,526,972,607 5,163,585,396 52,289,951
CH4 g 0 269,283 1,355,340 NA 696,988,366 -6,564,025 692,048,964
Nox g 0 249,896 1,275,817 0 -523,831 -22,142,137 -21,140,153
GWP g 0 119,940,424 605,127,823 0 19,162,041,422  5,274,323,759 14,612,785,911
N20 g 0 1,095 5,513 NA -5,442 14,332 88,606
Sox g 0 595,870 3,011,097 0 -2,881,479 906 -10,179,447
HCI g 0 20,067 101,384 0 36,838 781 172,621
HF g 0 1,972 9,962 NA 13,309 0 26,149
H2S g 0 0 0 NA 356,076 0 365,858
TotalHC g 0 0 0 NA 3,661,545 0 3,661,545
Chlorinated HC g 0 0 0 NA 79,985 79,985 79,985
Dioxins/Furans g 0 0 0 0 0 235,004 0
Ammonia g 0 319 1,611 NA -1,590 -1,590 235,344
Arsenic g 0 0 0 0 0 0 0
Cadmium g 0 2 12 0 -2 -93 -80
Chromium g 0 0 0 0 1 36 38
Copper g 0 0 0 0 0 196 196
Lead g 0 24 122 0 -111 3,501 3,536
Manganese g 0 10 53 NA -52 0 11
Mercury g 0 3 16 0 -16 3 7
Nickel g 0 151 761 0 -751 -1,470 -1,310
Zinc g 0 35 176 0 -40 -90 81

In general, the highest release of pollutants into water is Here, it is necessary to clarify that the compressive

related to the landfill stage. For easier comparison and better
understanding, the final data for each scenario in the fuel
consumption and air and climate emission sections are given
in Tables 7 to 9.

The highest diesel fuel consumption is related to the 1%
scenario. However, the first scenario has the lowest electrical
energy consumption. Also, the highest carbon dioxide and
methane production belongs to the first scenario. In the
section of pollutant emissions in water, the amount of
biological oxygen demand (BOD) is high and significant in
both scenarios. Also, the emission of fluoride and ammonium
in water in all scenarios and the emission of nitrate and sulfate
in the second scenario have played the most significant role
in the pollution of this section.
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strength of clay brick typically ranges from 3 to 10 MPa, with
a density of approximately 1500-1900 kg/m3 [29,30]. In
contrast, AAC materials exhibit a compressive strength of
about 3—7 MPa and a density in the range of 300-800 kg/m?3
[29,31]. Accordingly, the strength-to-density ratio of brick
and AAC materials falls within 0.1-0.6% and 0.6-20%,
respectively.

Table 7. Energy consumed in different scenarios per unit of operation
(tonnage of building materials produced per year)

Parameter Units 1%t Senario 2" Senario
Comsumed electricity kWh 153815 1614749
Generated electricity kWh  -4030571 -1334153
Recycled electricity- Recycling stage  kWh 0 -27214087
Diesel fuel L 52517 15009
Natural Gas m3 0 2109

Total GJ -36311 -269742
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Table 8. Emission of pollutants into the air per unit of operation (tonnage
of building materials produced per year)

Pollutants Units 1% Senario 2" Senario
Suspended Solids (PM10) g 1892063 -2675068
Carbon Monoxide (CO) g 4998484 -13900722
Carbon Dioxide (CO,) g 137901321185 52289951
Methane (CH,) g 2105836223 692048964
Nitrogen Oxides (NOx) g -180400 -21140153
Nitrous Oxide (N.O) g -16044 88606
Oxides Sulfur (SOx) g -8380401 -10179447
Hydrochloric Acid (HCI) g 118676 172621
Hydrogen sulfide (H.S) g 1075732 356858
Hydrofluoric Acid (HF) g 40920 26149
Ammonia (NH3) g 04689 235344
Arsenic (As) g 0 0
Cadmium (Cd) g -5 -80
Chromium (Cr) g 4 38

Copper (Cu) g 0 196

Lead (Pb) g -328 3536
Manganese (Mn) g -153 11
Mercury (Hg) g -47 7

Nickel (Ni) g -2216 -1310
Zink (Zn) g -108 81

Total Hydrocarbons g 11061785 3661545
Chlorinated Hydrocarbons g 241640 79985

Table 9. Emission of pollutants into the water per unit of operation
(tonnage of building materials produced per year)

Pollutants Units 15 Senario 2" Senario
Biological Oxygen Demand (BOD) ¢ 15305148 9193732
Chemical Oxygen Demand (COD) g 15297790 -106966445
Ammonium (NH,) g 116832 517335
Arsenic (As) g -1318 -2549
Barium (Ba) g -70365 -101729
Cadmium (Cd) g 41 12
Chromium (Cr) g -6622 -13061
Copper (Cu) g -3123 -3378
Lead (Pb) g -3859 -6199
Mercury (Hg) g 2 7

Nickel (Ni) g -2465 -5822
Nitrate (-NOs) g -20608 2086504
Phosphate (PO%;) g -41370 -21951
Sulphate (SO?%) g -7887087 15375668
Sulphide (SO%) g -208 94

Zink (Zn) g -2855 -10560
Suspended solids (ss) g -397176 7164756
Total Organic Carbon (TOC) g -109270 7341629
AOX g 12339 -1178690
Chlorinated Hydrocarbon g 6359 2517
Phenol g 1462 -1076
Chloride g -6089556 39711090
Cyanide g -46 -3371813
Fluoride g 2410 721

Iron g -352840 110032
Aluminum g -702972 -1209292

Therefore, in addition to their environmental advantages,
AAC materials demonstrate a higher relative strength compa-
red with traditional clay bricks.

3-3. Life Cycle Inventory (LCI)

In this section, the information and results collected in the
DesignBuilder software were introduced to the software
using the openLCA database. The results of the environmen-
tal impact assessment of both scenarios in different impact
classes are given in Table 10. The results of the life cycle
inventory are consistent with the results obtained in the previ-
ous section and it can be seen that the first scenario was
reported to be more destructive in terms of the effects on
global warming, ozone layer depletion and fossil fuel consu-
mption than the second scenario (i.e. AAC).

23

Table 10. Results of the environmental impact assessment of two scenarios
using the TRACI method

Impact Class Units 1 Senario 2" Senario
Acidification Kg SO, eq 2.83E+02 -2.53405E-06
Ecotoxicity CTUe -4.70721E-09 -3.16626E-09
Eutrophication Kg Neg 1.12E+02 -1.76626E-06
Global warming Kg CO; eq 4.33E+06 1.13E+06
Human health CTUh -3.395412797 -34.26333823
carcinogenic

Human health non- CTUh -0.076397112 -0.164690382
carcinogenic

Ozone layer depletion Kg CFC-11eq 6.13E-05 1.75E-05
Photochemical smog  Kg O3 eq 2.53E+03 -9.60922E-09
Fossil fuel depletion ~ MJ Surplus 3.09E+05 9.93E+04
Respiratory effects KgPM2.5eq  -2.87894E-05 -6.08587E-06

According to the results reported in the studies of Fouad
etal. [14] and Shi et al. [15], who evaluated the environmental
impacts of AAC materials in different countries using the
LCA method, the energy consumed and carbon dioxide
released in the use of conventional concrete is higher than
AAC. This is also consistent with the results obtained in this
study.

3-4. Results of FEM analysis in ETABS
3-4-1. Drifts

Figure 5 shows the maximum floor displacement values
for the 3- and 5-story structures together with the allowable
drift limit according to the Iranian Code of Practice for
Seismic Resistant Design of Buildings (Standard No. 2800,
4th Edition). The maximum lateral deflection in the 3-story
model with the SLAB section was 0.003617 cm at the second
floor, representing a reduction of more than 35% compared
to the DECK roof model (0.005016 cm). This reduction is
attributed to the flexural stiffness of the SLAB element,
which models the combined membrane—bending behavior of
the Intel-Deck roof system. In actual Intel-Deck roofs, the
structural configuration consists of orthogonal reinforced
concrete ribs forming an asymmetrical I-shaped cross-section
integrally within the slab, as previously described. These ribs
(commonly referred to as the I-shaped members of the
system) are not separate steel beams but part of the
monolithic reinforced concrete roof system, and they
contribute to the lateral stiffness of the structure. Similarly, in
the 5-story frame, the maximum lateral deflection in the
SLAB model was 0.004157 cm at the third floor, showing a
reduction of more than 21% compared to the DECK section
(0.005057 cm). According to Figure 4, while the DECK
model reached the allowable drift limit, the SLAB model
remained below the code limit, with at least a 24% reduction.

Figure 6 shows the torsional force diagram of the third
roof of a three-story structure under lateral load in the x
direction. As can be seen in Figure 5, for the DECK model,
the torsional forces of the beams were very small (on average
t.m 0.005), while for the SLAB model, relatively large values
of the torsional force of the beams were recorded (t.m 1.2).
Since the roof of the SLAB model contributes to the lateral
stiffness, the bending force created in the Intel-Deck roof
bending element caused the torsional force in the floor beams.
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Fig. 6. Torsional force diagram of beams under X-axis earthquake load in
the model with: (a) DECK; (b) SLAB roof.

Table 11. Values of longitudinal reinforcement (mm?) for the beam on A-B axis

In other words, the membrane-behavior roof model
(DECK section) is not able to calculate the correct values of
the torsional forces and torsional reinforcement in the beams.

3-4-2. Reinforcement size

Table 11 shows the calculated longitudinal reinforcement
values for the second story in two models with DECK and
SLAB roofs. In the model with SLAB section, in terms of the
roof contribution to the lateral stiffness, the contribution of
the roof beams and, consequently, the forces generated in the
beams were significantly reduced compared to the model
with DECK section, and this resulted in a reduction in the
area of the longitudinal reinforcement of the beams (a
reduction of about 14%). In other words, the use of SLAB
section reduced the reinforcement consumed in the beam
sections. These results are consistent with previous studies
conducted by Reirz-Kojichi et al. [16].

Table 12 tabulates the shear reinforcement values calcula-
ted for the A-B span beam in the 3-story structure with DECK
and SLAB roof sections. It can be seen that the use of SLAB
section reduced the required shear reinforcement in the beam
sections (about 10%). Figure 7 shows the shear force diagram
for the two different DECK and SLAB cases for the last floor
in the 5-story frame. The diagrams in Figure 6, also indicate
that the roof model with SLAB section had lower shear forces
than the DECK model and the shear force distribution in the
SLAB section was more uniform than the DECK section.

3-5. Equivalent Thickness

Here, FEM modeling by ABAQUS software was used to
determine the equivalent thickness for the roof's cross
section. According to Figure 8, the frame model was created
in the ABAQUS finite element package, in which in one
series of models, the roof with AAC blocks was used, and in
the other series, the Intel-Deck roof with different thicknesses
of 5, 10, 14, 15 and 20 cm was created. The models were
analyzed under quasi-statical loading conditions with a total
lateral loading of 1000 kg at the top roof level. The loading
was distributed on the lateral surface of the roof beams. Since
in the two types of considered frames, other structural compo-
nents have the same characteristics, assuming the same lateral
stiffness in the two roofs, the lateral displacement of the two
frames should also be equivalent.

Position deck right Deck- middle Deck-left Slab-left Slab-middle Slab-right
A-B row 4 top 4,502 1,443 4,477 3,386 0.914 3,568
A-B row 4 bot 3,568 2,576 3,139 1,979 1,669 1,843
A-B row 3 top 5,314 1,758 5,536 3,281 0.946 3,568
A-B row 3 bot 3,568 3,568 3,568 1,908 2,334 3,568
A-B row 2 top 5,314 1,758 5,536 3,281 0.946 3,568
A-B row 2 bot 3,568 3,568 3,568 1,908 2,334 3,568
A-B row 1 top 4,502 1,443 4,477 3,281 0.914 3,568
A-B row 1 bot 3,568 2,576 3,139 1,908 2,334 3,568
Table 12. Shear reinforcement for the beam on A-B axis

Position DECK- right DECK- middle DECK- left SLAB- left SLAB- middle SLAB- right

row 4 0.092 0.073 0.095 0.087 0.072 0.091

row 3 0.0118 0.085 0.012 0.097 0.074 0.103
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In this approach, firstly, the lateral displacement value of
the frame model with a roof containing AAC components was
determined in ABAQUS. Then, in the next step, by selecting
different values for the Intel-Deck roof thickness (t), through
a trial-&-error process, the same lateral displacement was
found in both frames.

Tables 13 to 15 show the displacement and lateral
stiffness results for 1, 2 and 3 story models. It is important to
note that the models with Intel-Deck roofs are named with the
letter S, the first digit from the left is the number of stories,
the next two digits are the number of spans in the x and y
directions, and the two digits on the right represent the
equivalent thickness of the slab. For example, S12205 is a 1-
story frame model with Intel-Deck roof system and two spans
in each direction with a thickness of 5 cm for the slab. Also,
the models with AAC roofs are named with the word Deck,
the first digit from the left is the number of stories and the

©
Fig. 8. Frame models in ABAQUS: (a) 2-span 1-story with roof with AAC components; (b) 2-span with equivalent Inteldeck roof;
(c) 3-span 3-story with roof with AAC components; (d) 3-span with equivalent Inteldeck roof
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next digit is the number of spans. For example, Deck32 is a
3-story frame model with two openings in each direction.

After a trial-and-error procedure, the equivalent thickness
of the roof with a SLAB section was estimated to be about 15
cm. For the present examples, under a lateral load of 1 ton,
the lateral displacement of a 1-story, 1-span frame with the
AAC roof is calculated to be 0.57 cm and that is 0.5812 cm
for the model with Inteldeck roof of 15 cm thickness (less
than 3% difference).

The maximum lateral displacement and calculated
stiffness for the frame models are plotted in in Figure 8.
According to Figure 9-(a) and Table 13, the displacement of
the 1-story, 2-span frame with AAC-paneled roof was 0.1184
cm, which is close to the displacement of the 15 cm Inteldeck
roof (S15) (displacement 0.1181 cm and a difference of about
2%) and can be substituted as an equivalent section. It is
worth noting that the 2-span frames with 14 and 16 cm
Inteldeck roofs (S14 and S16) also have a response close to
the AAC roof, but due to implementation issues, choosing a
roof thickness of 15 cm is more practical. On the other hand,
the stiffness of the 1-story, 2-span model with AAC roof was
84.45 tons/cm, and the stiffness of the model with 15 cm thick
Inteldeck roof (S15) was 84.67 tons/cm, which were close to
each other and could be replaced as equivalent sections.

According to the trend of the graphs in Figure 9, it is clear
that increasing the thickness of Inteldeck roofs increases the
lateral stiffness of the frame. According to Figure 8 and
Tables 14 and 15, the displacement and stiffness of the 2-span
model with AAC roof and 15 cm thick Inteldeck roof (S15)
in the 2- and 3-story frames were also close to each other and
could be replaced as equivalent sections. In the two-story
models, the roof displacement in the AAC and Inteldeck
models with a thickness of 15 cm (S22215) was 0.02401 and
0.02407 cm, respectively, which is a difference of about 3%.
Also, in the 3-story, 2-span model, the roof displacement was
0.6498 and 0.6489 cm, respectively, in the AAC and
Inteldeck roof models with a thickness of S32215, which is a
difference of about 2% and can be equated with each other.

(d)
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Table 13. Displacement and lateral stiffness of 1-story frames

Frame model S12205 S12210 S12214 S12215 S12216 S12220
ul (cm) Displacement 0.01298 0.01228 0.01189 0.01181 0.01176 0.01138
k1 (t/cm) Stiffness 77.04 81.43 84.1 84.67 85.03 87.87
Frame model Deck12 S13305 S13310 S13314 S13315 S13316 S13320 deck13
ul (cm) Displacement 0.01184 0.01456 0.01416 0.01358 0.01335 0.01321 0.01271 0.01351
k1 (t/cm) Stiffness 84.45 68.68 70.62 73.37 74.9 75.7 78.67 74.01
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Table 14. Displacement and lateral stiffness of 2-story frames
Frame model S22205 S22210 S22214 S22215 S22216 S22220
ul (cm) Displacement 0.02654 0.02512 0.02433 0.02407 0.0241 0.02339
k1 (t/cm) Stiffness 37.67 39.8 41.01 41.54 41.49 42.75
Frame model Deck22 S23305 S23310 S23314 S23315 S23316 S23320 Deck23
ul (cm) Displacement 0.02401 0.04315 0.03854 0.03154 0.03012 0.02931 0.02658 0.02994
k1 (t/cm) Stiffness 41.69 23.17 25.94 31.7 33.2 34.11 37.62 33.4
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Table 15. Displacement and lateral stiffness of 3-story frames
Frame model 532205 S32210 S32214 S32215 S32216 S32220
ul (cm) Displacement 0.07251 0.06688 0.06502 0.06489 0.06435 0.06148
k1 (t/cm) Stiffness 13.79 1451 15.37 1541 15.54 16.26
Frame model Deck32 S33305 S33310 S33314 S33315 S33316 S33320 Deck33
ul (cm) Displacement 0.06498 0.06951 0.06568 0.06181 0.06122 0.06103 0.05959 0.06158
k1 (t/cm) Stiffness 15.38 14.38 15.22 16.17 16.33 16.38 16.78 16.23
16.5 0.074
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In the 3-span models, the displacement and stiffness of the
frame with the AAC roof (Deck13) and the Inteldeck roof
with a thickness of 15 cm (S13315) were 0.01351 and
0.01335 cm, and 74.01 and 74.9 tons/cm, respectively (a
difference of about 2-3%), which can be equated with each
other. In all three-span models, the difference in lateral
displacement and stiffness in the model with an AAC roof
with a roof equivalent to 15 cm thick was less than 5%.

4. Conclusions

The main idea of this research was to evaluate the
feasibility of using autoclaved aerated concrete (AAC) blocks
as a replacement for the conventional blocks used in the
Inteldeck roof system. In this study, the life cycle assessment
approach was used as a tool to evaluate the benefits of using
AAC materials in construction. For this purpose, two constru-
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ction waste management scenarios were considered, which
included the use of AAC materials and clay bricks. And the
DesignBuild software was used to calculate the environ-
mental load of each scenario. In the next step, modeling of
different building frames with the Inteldeck roof system with
AAC block components was performed in the ETABS
software using two DECK and SLAB sections for the roof.
Also, by modeling building frames with different numbers of
floors and spans in the ABAQUS finite element software, the
equivalent thickness of the roof with AAC components with
the Inteldeck roof was determined. The most important
results obtained are as follows:

1- The AAC application scenario had a lower environ-
mental burden than brick materials at different global warm-
ing and resource consumption fields.
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Fig.9. Displacement and lateral stiffness of frames with: (a) 2-span 1-story; (b) 2-span, 1-story;
(c) 2-span, 3-story; (d) 3-span, 1-story; (e) 3-span, 2-story; (f) ) 3-span, 3-story

2- According to the outputs of the DesignBuilder model, as
the rate of separation and recycling of construction waste
increased, the amount of environmental pollutants also dec-
reased due to the increase in the amount of recycled materials
and the prevention of the emission of pollutants resulting
from the production of raw materials. As a result, in terms of
sustainability indicators, separation and recycling of mater-
ials was the first priority, and traditional approaches such as
landfilling waste were the next priority.

3- The Inteldeck roof made with AAC components had a
combined flexural-membrane behavior that could contribute
to the lateral stiffness of the structure. This type of roof in a
real building, with a set of asymmetrical I-beams, has a bend-
ing behavior and contributes to the lateral stiffness. As a
result, this roof system as a structural element changes the
distribution of internal forces. This should be considered in
the modeling of the building software. The FILLED DECK
element in the ETABS software library was unable to model
the behavior of these roofs.

4- Modeling the roof with AAC components using the
SLAB section caused the roof system to participate in the
lateral load of the frame and, as a result, reduced the lateral
displacement. In the 3D models of the building frame, a
reduction in the lateral displacement of the floors was
observed in the modeling mode with the SLAB element
compared to the FILLED DECK element. As a result, it can
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be stated that the bending force created in the bending
element of the Intel Deck roof causes a torsional force in the
floor beams. While, the roof model with membrane behavior
(DECK section) was unable to calculate the correct values of
the torsional forces and torsional reinforcements in the
beams. Also, modeling the roof with AAC elements with
SLAB elements reduced the area of longitudinal reinforce-
ment of the beams by about 14%.

5- By modeling the reinforced concrete frames in the
ABAQUS finite element software with the conventional Intel
Deck roof system and the roof with AAC elements, the
equivalent thickness of the Slab section to replace the Deck
section in the ETABS program models was obtained as 15
centimeters.
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