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In this numerical study, finite element method (FEM) is employed to demonstrate temperature and stress simulations of 
autoclaved aerated concrete (AAC) shear walls in different seasons by using ANSYS software. Structural behavior simulation is 
conducted by a good combination of comprehensive material properties and reasonable models.  Calculation results show that, 
compared with the ordinary mortar (OM), the insulation mortar (IM) can effectively reduce f temperature variation in AAC matrix 
layer by 1.668℃ in summer and 5.315℃ in winter, which indicates a better performance on heat insulation. In terms of thermal 
stress, IM layer would withstand a greater stress in all cases, but it could lower the maximum stress in AAC layer and interface 
stress by almost 50% in winter compared with wall structures with OM. As for temperature deformation, a 17% reduction in winter 
and a 30% reduction in summer are observed in AAC matrix layer coated with IM.  

 
 
Keywords: FEM, AAC shear walls, thermal stress, temperature deformation 
 
1. Introduction 

 
At present, energy consumed in construction 

industry almost takes up 40% of total energy 
consumption in China. Hence, in terms of energy 
conservation and environmental protection, 
improving thermal insulation performance of the 
external walls is well recommended.  

Autoclaved Aerated Concrete (AAC) is one of 
the most effective wall materials but the rarely 
elective external insulation system might meet the 
requirement of 65% building energy saving policy in 
China [1]. AAC self-insulation system is widely used 
in favor of light weight, heat preservation, excellent 
seismic performance and suitable strength. The 
most attractive point of AAC is its relative low thermal 
conductivity compared with the ordinary concrete. 
Researchers have extensively studied the 
comprehensive properties of AAC, such as 
microstructure [2,3], density [4,5], strength [6-9], 
shrinkage [10-12] and so on.  

In practice, the performance of the AAC shear 
walls is  inherently influenced by various 
environmental loads including such as temperature, 
airflow and moisture. Among these factors, 
temperature variation plays a crucial role which  may 
influence the thermal stress distribution within the 

 wall structure. Especially in hot summer and cold 
winter, considerable  thermal stress will be caused 
by temperature difference between the interior and 
exterior walls which may cause inconsistent  
deformation between the AAC walls and the surface 
mortar, resulting in surface splitting and durability  
deterioration to some extent.   

However, reliable experimental data are 
difficult to obtain, as the experiments are susceptible 
to test methods and conditions, both leading to 
precision decrease. Therefore, numerical simulation 
is applied to evaluate the properties of  building 
structures. For example,  FLUENT software is 
adopted to explore the effect of enclosure 
configurations with the same void volume fraction on 
equivalent thermal conductivity [13,14]. Du and Shi 
[15] have analyzed the temperature distribution law 
of the precast box girders by the finite element 
numerical simulation method. Larbi [16] has studied 
the heat transfer coefficients of three wall structures 
by using 2D numerical calculations. It is concluded 
that the static models can present the thermal 
properties of walls to some extent. Asan [17] has 
optimized the intermediate position of the insulation 
layer  of specific wall structure according to the 
Crank-Nicolson equation. Calculation results  
suggest that two separate insulation layers located  
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both in the middle and outside the exterior wall will 
be better. To avoid moisture condensation, Kočí et 
al.[18] have modified the AAC wall structure with 
extra insulation layer that composed of different 
materials and then analyzed the moisture transition 
across the wall structure by conducting numerical 
calculations.  

Overall, the numerical simulation is 
successfully applied into thermal calculation and 
some satisfactory results are obtained. In this paper, 
ANSYS software [19] is used to access the 
temperature field, thermal stress and deformation of 
AAC shear walls, aiming to solve some practical 
issues, such as interlayer separations and cracks. 
 
2. Research Significance 
 

The application of FEM has provided a relative 
reliable method to analyze the stress and 
deformation of AAC shear walls. In practice, 
cracking usually emerging on the surface layer of 
the mortar,followed by  a severe interfacial 
separation from the AAC layer. Therefore, there is a 
need assessing the potential deformation of exterior 
walls to avoid the undesirable failure. Before the 
numerical analysis, a series of experiments about 
the properties of AAC and different mortars are 
conducted.  

In this paper, appropriate FEM model is 
established to analyze the stress field and the 
deformation in the AAC shear walls that are coated 
by two different surface mortars: ordinary mortar 
(OM) and insulation mortar (IM). Taking into account 
the worst-case scenario, corresponding analysis is 
performed to obtain the temperature field, stress 
field and deformation of the AAC shear walls in both 
hot summer and cold winter.  
 
3. Finite Element Modeling 
 
3.1.Mathematical model 

Mathematical model is firstly established 
before numerical simulation. Assuming that the wall 
is apparent to be homogeneous and continuous, 
that is comprised of several closely connected 
material units so that the thermal resistance 
introduced by each interface could be ignored. 
According to the law of conservation of energy and 
Fourier's law, function of temperature (T) of spatial 
points (x, y, z) at any moment (t) is established as 

Eq. (1).  
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Where λ represents coefficient of thermal 
conductivity [W/(m·K)], c represents specific heat 
capacity [J/(Kg·K)], ρ represents density [Kg/m3] 
and Qv represents heat discharge in per time per 
unit volume [W/m3]. In this paper, the wall system is 
supposed to be stable heat-transfer media, thus, λ, 
c and ρ are all constants in the model. Meanwhile, 
there is no heat source inside the wall (Qv=0).  

 Therefore, Eq. (1) can be simplified into 
following format, 
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There  has been some general solution for 
the Eq. (2). For different heat transfer process, 
combined with its boundary conditions, the 
calculation results can be obtained. 

Figure 1 has shown the typical size of the 
AAC shear wall commonly used in China, with 3000 
mm in length, 240 mm in width, and 2000 mm in 
height. During the analysis, a surface mortar layer 
with 20 mm in thickness is attached to the exterior 
surface of AAC layer. 

 
Fig.1 - Schematic diagram of geometry model. 
 
3.2. Boundary conditions 

The boundary conditions are nominated as 
follows. 

0x   
x

T
TTh foutout 


 )(

2

                             （3） 

Wx  
x

T
λ)T(Th oinfin 




1

                           （4） 

0y   0


y

T
λ                                               （5） 

Ly    0


y

T
λ                                               （6） 

   0z   0


z

T                                             （7） 

   Hz    0


z

T                                           （8） 

where L, W and H represent the length, width, and 
height, respectively; hin and hout represent 
convection heat transfer coefficient indoor and 
outdoor. The direction of the heat transfer is in the 
x direction. Thus, x = 0 is for outer surface and x = 
W is for interior surface. 

Based on China standard “Code for thermal 
design of civil buildings” (GB 50176-2002), hin and 
hout are chosen as 8.7 W/(m2·K) and 23.3 W/(m2·K), 
respectively. However, it should be noted that hout 
actually is not constant no matter in winter or in 
summer. The indoor temperature is supposed to be 
fixed at 18℃throughout the simulation. For outdoor 
temperature, they are supposed as -20℃ in winter  
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Table 1 
The thermal physical properties using in the numerical simulation 

Property AAC IM OM 

Thermal conductivity (W/(m·K)) 0.16 0.06 0.93 

Density (Kg/m3) 500 300 1800 

Thermal expansion coefficient (K-1) 1.0×10-5 1.2×10-5 1.2×10-5 

Elastic modulus (MPa) 2000 15000 5000 

Poisson ratio 0.2 0.25 0.28 
 

 
and 30℃ in summer, according to the average 
daytime temperature of the coldest week and hottest 
week in recent  5 years in Harbin China, 
respectively. Besides, two assumptions are made 
during the numerical calculation. The first one is 
steady-state heat transfer process assumption. 
Temperatures inside and outside are 
unchangeable, so it’s a steady-state heat transfer 
process at any time. The other is that the thermal 
contact resistance between different material layers 
could be ignored. As uneven surface of different 
materials would lead to unclosed contact, there will 
be a temperature difference on both sides of the 
interface, and heat conduction will occur, such 
resulting in thermal contact resistance. Due to the 
thermal resistance takes up only a small proportion, 
the influence is neglected in the process of finite 
element simulation analysis. The thermal and 
physical properties of the materials employed are 
listed in Table 1. 
 
3.3. Mesh generation 

Considering the thermal and structural 
analysis, a three-dimensional hexahedral element, 
with 20 nodes, is used for each numerical model. 
Thus, 449,109 nodes and 103,968 elements will be 
generated totally for specific simulated wall 
structure. 

 
4. FEM analysis results and discussion 

 
In the paper, two wall structures, 240mm AAC 

matrix layer with a 20 mm IM layer and OM layer  
( WS1 and WS2), has been analyzed in both hot 
summer and cold winter. By theoretically varying 

  
the outdoor temperature, the thermal stress and 
deformation of different walls as well as the 
corresponded temperature field are simulated by 
ANSYS software. 

 
4.1. Temperature field analysis 

During the temperature field analysis, 
boundary conditions of y direction and z direction 
(width and height direction) are both considered as 
two adiabatic conditions. Heat transfer is simplified 
to appear merely in x direction (thickness direction). 
Figure 2 and Figure 3 show the temperature field 
distributed in the WS1 and WS2 in cold winter and 
hotsummer, respectively. As shown in Figure 2 and 
3, the temperature varied gradually in the thickness 
directions. In winter, the surface temperatures of 
interior and  exterior of WS1 are 15.806℃ and -
19.181℃, and 15.399℃ and -19.029℃ for WS2. In 
summer, these temperatures are 18.693℃ and 
29.741℃ for WS1, and 18.821℃ and 29.693℃ for 
WS2. Compared with WS2, the interior  surface 
temperature of WS1 has a 0.407℃ increase in 
winter and 0.128℃ decrease in summer. Therefore, 
it can be concluded that WS1 has a better heat 
insolation performance no matter in summer or in 
winter. 

Figure 4 presents the temperature 
distribution within the WS1 and WS2 in winter and 
summer. As shown in the Figure 4, in winter, the 
temperatures near the interface between AAC and 
mortar are -12.820℃ for WS1 and -18.542℃ for 
WS2. When in summer, the interface temperature 
are 27.733℃ and 29.693℃ for WS1 and WS2. The 
temperature   change   in   AAC   layer  of WS1 is 

a 

 

b 
Fig.2 - Temperature field of WS1 in winter (a) and summer (b). 
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a 

 

b 
Fig.3 - Temperature field of WS2 in winter (a) and summer (b). 

a 

 

b 
Fig.4 - Temperature distribution of WS1 and WS2 in winter (a) and summer (b). 
 
28.626℃ in winter and 9.040℃ in summer, while 
that in WS2 is 33.941℃ in winter and 10.708℃ in 
summer, both larger than the former. It 
demonstrates that, when coated with IM, AAC layer 
experience less temperature variation. As IM has 
better a heat insulation performance, the protective 
effect of mortar on AAC layer is strengthened. That 
would also reduce the emergence of AAC layer 
cracking, thus enhancing the durability of wall 
structures. Besides, a larger temperature gradient 
also indicates a larger temperature deformation in 
IM layer. 
 
4.2. Thermal stress analysis 

Due to the uneven temperature change and 
different physical properties of AAC layer and mortar 
layer, thermal stress and deformation would be 
questionable, which might have potential negative 
influence on volume stability and long-term 
durability of the structure. In the process of stress 
analysis, the wall is regarded as an embedded slab. 

Figure 5 and Figure 6 illustrate the thermal 
stress distribution within two wall systems in both 
winter and summer. In winter, the maximum stress 
of WS1 is observed on the exterior surface, reaching 
17.32 MPa. The interface stress is about 1.93 MPa 
as shown in Figure 5 (a). For WS2 in Figure 6 (a), 
the stress obtained in exterior mortar layer is also 
the  maximum value, 8.07 MPa, and the stress 

 obtained in the interface is 3.75 MPa. Mortar layer 
suffers a larger thermal stress than the AAC layer, 
especially in WS1, as the maximum stress in WS1 
is two times larger than that in WS2. However, 
thermal stress in AAC layer presents an opposite 
rule.In fact, the minimum and maximum of WS1 are 
0.009 MPa and 1.93 MPa, while the data of WS2 
are 0.013 MPa and 3.75 MPa, almost doubling the 
former. The same pattern is also observed in 
summer: the maximum stress is much larger in 
WS1 (3.03 MPa >> 1.42 MPa), while the AAC layer 
presents a smaller stress variation.  

As mentioned, the application of IM can 
reduce the thermal stress introduced into the AAC 
layer and also diminish the stress in the interface 
between mortar layer and AAC layer effectively. 
 

4.3. Temperature deformation analysis 
The results of temperature deformation 

analysis of WS1 and WS2 in different seasons are 
presented in the Figure 7 and Figure 8.  

In winter, the maximum structure deformation 
occurs in AAC layer and there is a 17% reduction in 
WS1 compared to WS2. While in summer, mortar 
layers undergo a larger deformation, which results 
in a lower temperature deformation in AAC layer: 
9.58×10-6 m if maximum in WS2 and 6.74×10-6 m if 
maximum in WS1, only 70% compare with the 
former. 
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a 

 

b 
Fig.5 - Thermal stress of WS1 as embedded slab in winter (a) and summer (b). 

a 

 

b 
Fig.6 - Thermal stress of WS2 as embedded slab in winter (a) and summer (b) 

a 

 

b 
Fig.7 - Temperature deformation of WS1 as embedded slab in winter (a) and summer (b). 

a 

 

b 
Fig.8 - Temperature deformation of WS2 as embedded slab in winter (a) and summer (b). 
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Because the temperature gradient and 
elasticity modulus of mortar and AAC layer are 
different, the deformation of these two layers would 
be inconsistent during working temperature change, 
which will pose a threat to the durability of wall 
structures, as the surface mortar layer would strip 
from the AAC matrix layer. Therefore, a larger 
deformation of surface mortar layer leads to a 
severer requirement for bonding strength to achieve 
coordinated deformation of AAC layer and mortar 
layer, in case of interlayer separation. 

 
5. Conclusions 

 
The paper presents the FEM modeling results 

of AAC shear walls. Simple and reliable models are 
established to analyze the temperature field, 
thermal stress and deformation of two different wall 
structures in winter and summer. Two mainly 
conclusions are drawn as follows:  

(1) The insulation mortar could lower the 
temperature gradient within the AAC layer 
effectively. For AAC shear walls coated with 
IM, the temperature changes of AAC layers 
are reduced by 1.668℃ in summer and 
5.315℃ in winter, compared with OM coated 
walls. 

(2) In terms of thermal stress, mortar layers 
always suffer a higher stress, as the 
maximum in WS1 is almost doubledthan the 
WS2, but the maximum stress in AAC layer 
and interface stress of WS1 are reduced by 
50%. Maximum deformation appears in AAC 
layer in winter but in mortar layer in summer, 
while deformation of AAC layer in WS1 is 
always smaller than that of WS2. 
The simulation results reveal different 

properties of two AAC shear walls with ordinary or 
insulation mortar, which will be a guide for the 
selection and design of external walls in extremely 
cold region, taking both energy conservation and 
volume stability into consideration. The result from 
the simulation also shows that the proper use of IM 
may decrease the stress intension as well as the 
strain of outer and inner layers for self-insulation 
structural system. 
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