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ABSTRACT

Wall bricks are a fundamental component of wall structures that
provide coverage and separation between indoor and outdoor spaces.
In addition to their covering function, wall bricks also serve as
waterproofing, soundproofing, and heat insulation agents. Nowadays,
wall bricks come in a wide variety of types, sizes, strengths, and
materials, each with its own unique production process. Bricks are
typically divided into two primary categories: fired bricks, which
include burnt solid bricks and fired hollow bricks, and unburnt bricks,
which include autoclaved aerated concrete (AAC) blocks, silicate
blocks, and lightweight concrete blocks. Wall bricks have a significant
impact on various factors such as static load, soundproofing, heat
insulation, cost, construction time, and structural solutions, including
foundation depth. Therefore, it is essential to evaluate and select wall
bricks from an economic-technical standpoint. There are many multi-
objective decision-making methods available to choose an option that
satisfies given criteria. The article introduces the results of
calculation, evaluation, and selection of wall bricks using the Simple
Additive Weighting (SAW) method with a set of criteria: static load,
total thermal resistance, construction time, price, and environmental
friendliness. Calculation and comparison  results show  that
autoclaved aerated concrete (ACC) blocks are a good choice due to
their outstanding advantages such as light weight, low thermal
conductivity, and environmental friendliness. They are most suitable
for the goal of reducing power consumption for the building's
ventilation and air conditioning system and using energy effectively.
Keywords: Multi criteria analysis; method SAW; solid clay bricks;
hollow clay bricks; concrete brick; lightweight concrete -
autoclaved aerated concrete bricks (ACE); Calcium silicate bricks.

TGM TAT

bach xdy tuang |3 mat trong nhitng vat lidu chinh tao nén két cau
trang bao che va ngan cach céc khu vyc khang gian trong ngoai
nha. Ngoai chic ning bao che, gach xay tuang con dam nhan
nhiém vy chang thdm, cach am, cach nhigt... Hién nay. gach xay
tang rét da dang, phong pha vé ching loai, kich thudc, cuing da,
ngudn gdc vat ligu va quy trinh sén xuét...Tuy nhién, ching thuang
duoc phan loai thanh hai nham chinh bao gdm: gach nung va gach
khong nung (mdt sd loai gach phd bign trén thi trugng hign nay:
gach ddc nung, gach rang nung, gach bé tong khi chung ap (AAC),
gach silicat va gach bé tang nhe). Viéc lya chon gach xay tuing
lam ket c&u bao che cho céng trinh s& anh huéng truc tigp dén
cac y8u td nhu |a: tai trong tinh, khd ndng cach am, cach nhigt, gia
thanh, thari gian thi cong, giai phap két cdu va chiéu su mang...Do
da cén phéi tinh toan, danh gia va lya chon gach xay twang trén
quan diém kinh t& - ky thuat. Hign nay, ca rat nhigu phuong phap
ra quyét dinh da muc tiéu dé lya chon mét phuong &n thoa mén
céc tieu chi cho trudc. Bai bao gisi thieu ket qua tinh toan, danh
gia va lra chon gach xay tuing theo phuong phéap SAW vai ba tigu
chi: tai trong tinh, tang nhit tré, thai gian thi cang, gia thanh va
tinh than thign vai mai trang. K&t qua tinh todn va so sanh cho
théy, gach bé tang khi chung &p (ACC) vai céc vu digm ndi bat nhu
|a trong lrgng nhe, hé sd dan nhigt thép, than thign vai mai trudng
da trér thanh phueng an lya chon tdt nhéat, phd hop nhét vai muc
tiéu gidm lugng tigu thy dién nang cho hé thang thang gia - diéu
hoa cha cong trinh va sir dung ndng luegng tigt kiem higu qua.

Tir khaa: Phan tich da tigu chi; phuong phap SAW: gach dét set
nung; gach riing d&t sét nung; gach b tang; bé tang nhe - gach be
tang khi chung ap (ACC); Gach silicat canxi.

1. INTRODUCTION
Geographic location of Vietnam has a lot of potential such as:
solar radiation energy, wind energy and ocean wave energy. In

which there is abundant source of radiant energy with
approximately between 1,500 and 1,600 kWh/m?/year and total
sunshine hours from 4,300 to 4,500 hours/year [1,2]. This is a huge
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energy resource for producing solar power and natural lighting.
However, large solar radiation penetrates the house structure to
cause the increasing energy consumption for the air-conditioning
and ventilation system. Therefore, the requirement green design in
energy-saving buildings is an urgent issue in Vietnam and also a
trend in the world in the context of climate change and exhausted
fossil resources [3 - 5]. The application of wall bricks with low
thermal conductivity in buildings and constructions is one of the
solutions to reduce energy consumption for the air conditioning-
ventilation system, to creat a microclimate, and to improve the
quality of life of people in buildings [6].

Bricks are among the primary materials used in construction,
alongside sand, stone, cement, and steel. They have been widely
used in the construction process from the past to the present. The
history of building bricks’ development and productive
technologies is associated with building material production
technologies. Previously, there were few kinds of bricks such as
burnt clay, silicate, and concrete bricks but now bricks with new
materials and production technology have been introduced:
Autoclaved Aerated Cement Blocks (ACC), lightweight concrete
bricks, ... with outstanding advantages such as: light weight, good
insulation, and friendly environment. Research on masonry and
bricks has been conducted worldwide, including in Vietham. Some
of the notable researchers in this field are F. Christy, F. Wu, G. Li,
S.B. Singh, Xampgamosa LW, Agunxopxaes A.M., B.D. Ewing,
Hoang Minh Duc, and Dao Trieu Kim Cuong. However, recent
research has focused primarily on issues such as chemical
composition, aggregate gradation, brick production technology,
and brick and block strength [7 - 13].

Bricks chose for wall construction affects directly the load,
quality, structural durability, construction time, and insulation
ability of the building's outer walls. Therefore, the process of
evaluating and selecting them should be considered from an
economic - technical point of view with the following criteria: static
load, total thermal resistance (R0), construction time, cost and eco-
friendly, etc.

Currently, there are many methods to solve this problem as
follows: Simple Additive Weighting (SAW); TOPSIS method; electre
| and electre Il methods, etc. [14-20]. The SAW is one of the most
well-known and widely used methods for multi-attribute decision
making. The basic concept of the SAW method is to find the
number of weighted performance ratings for each alternative on
all attributes.

In this paper, the SAW method is proposed to solve the
problem of selecting bricks for building walls in tropical countries
(Vietnam, Myanmar, Indonesia, Thailand, etc. The next part of the
paper is arranged as follows: part 2, the principles of SAW are
presented briefly; part 3, presents an empirical application of the
proposed approach to brick selection for building in Vietnam; and
the last part, discuss the research results.

2. RESEARCH METHOD

Simple Additive Weighting method is a method that is widely
used in making decisions that have a lot of attributes (loads, heat
resistance, cost, time, etc), so that by applying the method of SAW
on decision support systems the completion of various decision-
making processes can be easily. The basic concept SAW method is
to find the sum of the weighted performance rating for each
alternative on all attributes.

The usefulness of the basic concept of the SAW method is to find
the number of weighted performance ratings for each alternative on
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all attributes. Some other advatages of the method are: Using the
weight to take the importance of each indicator into account,
quantifying indicators expressed in words (qualitative) by scoring.

However, the disadvantage of this method is the subjectivity of
choosing the comparative criteria and the experts' opinion about
the importance of the indicators, leading to the important
indicators being easily obscured.

Using the SAW method to choose wall bricks is followed these
steps [21,22]:

Step 1 - Select criteria for comparison namely Ci (The criteria
must be independent of each other).

Step 2 - Define the objective function to compare (maximum
or min value).

Step 3 - Determine the direction of each indicator and co-
orient the indicators that are not in the same direction as the
objective function (using the inverse).

Step 4 - Determine the dimensionless value of each criterion
according to the following formula:

C.
P =—2—x100 (1)

ij n

Z Cf/'
j=1

Pij- dimensionless value of the criterion i of the option j;

n - number of options, j=1, 2,..., n;

Cjj - value of the criterion i of the option j;

Step 5 - determine the importance of each criterion in the
comparison.

The use of the Warkentin square matrix and the evaluation of
criteria on a scale, the use of the Lj coefficient is the importance of
the BK; criterion according to the rules:

- level is not important when BK; << BK; Liy=1;
- level of less importance when BKi < BK; Lj=2;
- importance levels are equal when BKi =BK; Lj=3;
- the level of importance when BKi > BK; Lj=4;
- level is very important when BK; >>BK; Lj=5.

With the following rules:
Ly = Lji= 3, for which i =]
Ly + Lji =5, for which i #j
Determination of the weight coefficient of each criterion and
control of the results by the formula (2 + 4).

I

YL (2)
3m*=) L, (3)
=1 4)

m - number of initial criteria for comparison

Lj - level of importance of the criterion i of the option j

Wi - weight coefficients of the criterion i in all criteria

Step 6 - determination of the dimensionless value for each
option using the formula (5):

K:;%W (5)
Vj - dimensionless value of the option j
P;j - dimensionless value of the criterion i of the option j;
Wi - weight coefficients of the criterion iin all criteria.
Step 7 - analysis and rating of options by dimensionless values
with a comparative goal at the beginning (maximum or minimum).

3.DATA ANALYSIS
To evaluate, compare and choose bricks for building exterior walls,
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it is necessary to consider and pay attention to the following
quantities:

* Technical requirements of bricks: Geometric sizes and specific
gravity of bricks are determined according to the following
standards: TVCN 1451-1998; TCVN 1450-2009; TCVN 6477-2011;
TCVN 7959-2011.

* Cost and construction time: Determined on the basis of
construction norms promulgated by Ministry of Construction
according to Circular 12/2021/TT-BXD dated August 31, 2021 with
the calculation assumption: two workers, build straight wall with
thickness < 33 cm, height <6 m.

* Total heat resistance: Determined according to QCVN
09:2017/BXD National technical regulation on energy efficient
construction works.

- The total heat resistance (Ro) of the outer wall structure is
determined as follows:

R, :L+ZQ+R‘I L

hN i=l ﬂ’i hT

+ hy, hr - the heat exchange coefficient of the outer and inner

surfaces of the enclosure structure (PL 3 - QCVN:09/2017/BXD),
W/(m?2.K);

+ bi - thickness of material layer i, m;
+ A - the thermal conductivity coefficient of the material layer

(m2.K/W)

Table 1. Economic and technical criteria of the options [23-27]

ith in the enclosure (PL 2 - QCVN:09/2017/BXD), W/m.K;

+ n - number of material layers in cover structure;

+ Ra - thermal resistance of the air layer inside the enclosure
structure (PL 4 - QCVN:09/2017/BXD), m2.K/W.

* Environmental friendliness: To assess the level of environmental
impacts during the brick production process is based on the
production process, the source of input materials and the amount of
toxic waste discharged into the environment. The production process
of fired solid bricks and hollow bricks 60 involves the use of clay as the
primary raw material, which is fired under high temperatures to create
the final products. This process has a negative impact on the
environment, including increased CO; emissions, high energy
consumption, and reduced agricultural land. In contrast, the remaining
types of bricks are produced using an unburned process, which results
in almost no CO; emissions (the main cause of the greenhouse effect).
This production process is considered to be the most environmentally
friendly. The procedure for assessing the technical and economic
parameters of the alternatives is executed in the following manner:
data inputs are collected, total thermal resistance is computed, unit
price and construction time for 1 m* under identical conditions are
determined. The evaluation of the environmentally friendly criteria is
based on the positive or negative effects on the environment
(qualitative). The results of the calculations are presented in Table 1.

Burnt clay Burnt clay AAC Silicate Light weight
No Criterion Unit
solid brick | hollow 60 brick block block concrete block
1 | Specific weight kg/m?3 1,800 1,350 600 1,900 1,400
2 | Wall width m 0.22 0.22 0.2 0.22 0.22
3 | Areadensity kg/m? 450 351 174 472 362
4 | Thermal conductivity coefficient (\) W/m.K 0.81 0.58 0.153 0.87 0.58
5 | Total Heat Resistance (Ro) m2K/W 0.474 0.582 1.509 0.455 0.582
6 Unit price VND/m3 2,378,247 2,229,599 2,636,724 | 2,006,627 2,155,275
7 | Labor Man-hour 1.63 1.63 1.13 1.63 1.63
8 | Construction time hours 6.52 6.52 4.52 6.52 6.52
9 | Eco-friendly medium medium good good good
Step 1.

Select criteria for comparison and evaluation.
Table 2 presents the analysis and selection of 5 indicators in
the whole set of indicators (Table 1), in which the properties of the

Table 2. Economic and technical criteria chosen for comparision

criteria are independent of each other. The value of indicator 5th
(Eco-friendly) is determined by the method of analysis and
assessment of specialized experts.

Burnt clay Burnt clay hollow AAC Silicate Light weight
No Criterion Unit solid brick 60 brick block block concrete block
(Opt. 1) (Opt. 2) (Opt. 3) (Opt. 4) (Opt.5)
1 Specific weight kg/m3 1,800 1,350 600 1,900 1,400
2 | Total Heat Resistance (Ro) m2.K/W 0.474 0.582 1.509 0.455 0.582
3 Unit price VND/m?3 2,378,247 2,229,599 2,636,724 2,006,627 2,155,275
4 Construction time hours 6.52 6.52 4.52 6.52 6.52
5 | Eco-friendly medium medium good good good
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Step 2. Determining functional targets for comparison.

The choice of minimum values is a functional purpose for
comparison.

Step 3. Determination of the direction of each criterion and
translation of the criteria not corresponding to the direction of the

functional goal.

It can be seen that in table 2, the criterion (2", 5%) is in the
opposite direction of the objective function so it must be in the
same direction by using the inverse. The results are shown in
Table 3.

Table 3. Results after translating criteria that are contrary to the direction of the functional goal

No Criterion (Opt. 1) (Opt. 2) (Opt. 3) (Opt. 4) (Opt. 5)
1 Specific weight 450 351 174 472 362
2 | Total Heat Resistance (Ro) 2.11 1.72 0.66 2.20 1.72
3 Unit price 2,378,247 2,229,599 2,636,724 2,006,627 2,155,275
4 Construct-ion time 6.52 6.52 4.52 6.52 6.52
5 Eco-friendly 0.2 0.2 0.1 0.1 0.1

Step 4. Determine the dimensionless value of each criterion.
The dimensionless values of the criterion are determined

Table 4. Dimensionless values of indicators

according to the formula (1), the results are shown in Table 4.

No Criterion (Opt. 1) (Opt. 2) (Opt. 3) (Opt. 4) (Opt. 5)
1 Specific weight (P) 24.88 19.40 9.62 26.09 20.01
2 Total Heat Resistance (Ro) 25.10 20.45 7.88 26.13 20.45
3 Unit price (G) 20.85 19.55 23.12 17.59 18.90
4 Construct-ion time (T) 21.31 21.31 14.77 21.31 21.31
5 Eco-friendly (M) 28.57 28.57 14.29 14.29 14.29
Step 5. Determine the importance of each criterion in the research):

comparison
The importance of the criteria sorted from most important to
least important in the following order was determined from the

opinions of 5 experienced experts

(2 main engineers, 2

construction managers and 1 PhD in construction materials

Unit price (G) >> Construction time (T) = Total Heat Resistance
(Ro)>> Specific weight (P) = Eco-friendly (M)

The results of using the Warkentin square matrix to determine
the weighting coefficients for each criterion are shown in Table 5.

Table 5. The matrix determines the importance coefficient of each criterion

No Criterion (P) (Ro) (G) (T) (M) L;j Wi
1 (P) 24.88 19.40 9.62 26.09 20.01 1 0.15
2 (Ro) 25.10 20.45 7.88 26.13 20.45 16 0.21
3 Q) 20.85 19.55 23.12 17.59 18.90 21 0.28
4 (M 21.31 21.31 14.77 21.31 21.31 16 0.21
5 (M) 28.57 28.57 14.29 14.29 14.29 11 0.15

Check: 3x5" =3 Lij =75, and A 75 1

Step 6. Specify the dimensionless value for each alternative.
The dimensionless value for each alternative is determined by formula (5) and the results are shown in table 6.
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Table 6. Dimensionless value of each alternative

(Opt.1) (Opt.2) (Opt.3) (Opt.4) (Opt.5)
No Criterion

Wi Pir Pi1.Wi Pi2 Pi2.Wi Pis Pis.Wi Pia Pia.Wi Pis Pis.Wi

1 P 0.15 24.88 3.65 19.40 2.85 9.62 1.41 26.09 3.83 20.01 2.93

2 Ro 0.21 25.10 5.35 20.45 4.36 7.88 1.68 26.13 5.57 20.45 4.36

3 G 0.28 20.85 5.84 19.55 547 23.12 6.47 17.59 4.93 18.90 5.29

4 0.21 21.31 4.55 21.31 4.55 14.77 3.15 21.31 4.55 21.31 4.55

5 M 0.15 28.57 4.19 28.57 4.19 14.29 2.10 14.29 2.10 14.29 2.10
23.58 21.42 14.81 20.97 19.23

Step 7. Evaluate. compare and rank alternatives.

According to the set objective function: the option with the
smallest dimensionless value is the best option.

Option 3 which has the smallest value is best option.

4. CONCLUSION

Based on the results of the problem, it has been
demonstrated that the use of autoclaved aerated concrete
(AAC) blocks is the most optimal option compared to other
types. This option not only meets the thermal resistance
requirements of the wall but is also environmentally friendly.
Additionally, the use of AAC blocks can reduce the static load of
the building, providing a basis for selecting a more flexible
load-bearing structural solution and reducing the depth of
foundation burial. This can help to reduce construction costs
and shorten construction time. The SAW method used to select
bricks can combine all criteria with different measurement
units into a single criterion to rank the plan in a simple and
consistent way. However, this method is easily subjective when
consulting experts in determining the importance of indicators.
Future research directions include using other methods to limit
subjectivity such as the Analytic Hierarchy Process (AHP), cost
and value in use method, and mathematical method. etc. to
compare results when using the SAW method.
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