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ABSTRACT

The layout of a family dwelling has a significant impact on the living quality. Therefore,
evaluation of the layout is very important. For the purpose of evaluating the layout of
dwelling quantitatively, referring to spatial syntax, in this paper, three two-dimensional
indicators, namely convenience, privacy and utility, are proposed after analyzing users’
psychological process and demand. First, dividing the interior plane into different sections,
such as master bedroom and second bedroom, and then a mathematical model was pro-posed
to calculate the relationships between each section including accessibility and correlation of
each area referring to users' demands, so that users can evaluate the layout mathematically.
The mathematical model provides a simple evaluation method for designers to design the
apartment. It also provides a scientific basis for users to set out or remodel the apartment.
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INTRODUCTION

Housing needs is an important issue for people in a circumstance of limited land resources
and population surging. Living quality is another important aspect that people would
consider when they want to buy a house. From the perspective of living tendency in China,
small families of three have become a common trend of society, and many young people
tend to have a high-quality solitary life. There-fore, small and medium-sized housing has
become a priority choice. In the eco-nomic aspect, low- and middle-income earners are the
main body of consumption, which cannot afford high prices due to the increasing housing
demand, so that small and medium-sized housing is an appropriate choice for those people.
Finally, from the perspective of sustainable development, small and medium-sized housing
occupies a small space and avoids the waste of resources, which is also being vigorously
promoted by the government. To sum up, small and medium-sized housing will be the
mainstream housing type in the future and will probably be built in large numbers. There are
still some problems which impact residents’ lives directly remaining, for example,
unreasonable spatial configuration and poor usability, due to the small residential housing
area and the fast exploitation. Which result in that some residents need to change the housing
layout by themselves according to the different demands. Therefore, it’s important and
necessary to evaluate the housing layout in the initial design, to ensure the design is scientific
and reasonable to users.

The purpose of this paper is to find the relationship between housing layout and users'
daily life, then proposing several quantifiable indicators and reasonable mathematical
calculation formulas which can be used as evaluation reference. Providing a preliminary
theoretical basis for the design and transformation of housing layout. This research provides
a reference for building developers in the initial design of the residential building, to avoid
unreasonable space division which may affect the user's living experience and quality. It can
also be regarded as an important standard for users when they want to buy a house or change
the layout of their home.

According to space syntax, space is an intrinsic attribute of human activities and should
be regarded as an independent element, while layout is a relationship be-tween spaces. The
design of housing layout can be regarded as a process of space division, which is related to
human activities or purposes directly. Whether the space division is reasonable will affect
the privacy, convenience, and comfort of the house. Although it is a three-dimensional space,
the movement of human in space can be regarded as in two-dimensional planes, so in this
paper, some three-dimensional indicators such as ventilation and lighting are not considered.
All kinds of factors should be considered comprehensively in practical life when design, but
three indexes proposed in this paper which stand for the relationship between housing layout
and human activities is also of great significance.
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QUANTITATIVE EVALUATION METHOD

Refer to space syntax, space partition structure is one of the most important determinants of
human movement patterns. Some space will be more accessible than any other space after
space division, which means more convenient to arrive, for example, in Fig.1, the total
distance from other spaces to the green area is 16 and 30, therefore left green areas are higher
accessibility. Based on this principle, the distribution of functional areas in a house space
should refer to their accessibility. Moreover, the demand for privacy is continuously
increasing, so the de-sign of housing layout should satisfy this psychological demand. In
addition, small and medium-sized residential housing area is limited, effective and reason-
able division of the interval, to avoid the waste of resources is also one of the important
factors. Therefore, in this paper, three indicators, namely convenience, private density, and
practicality, are proposed as evaluation standards.

Figure 1. Domains of human systems integration

Measure of convenience (CM) represents the convenience degree of going to a functional
space, namely the amounts of needed spaces to cross to arrive at the destination. In a normal
small and medium-sized house, different functional areas require different degrees of
convenience, for instance, the CM of those public spaces such as dining-room, living room,
and toilet should be higher than some other spaces such as bedroom or study. In this paper,
the convenience of a space is calculated separately, and the calculation formula is as follows:

jo1di 1

M. =
CM; n—1

In the formula, i represents target space, d;; represents the distance between space i and
space j. The distance is defined as the least number of spaces needed to cross, namely the
least number of the doors (crossing corridor considered as crossing a door). n represents the
total number of divided spaces (corridor considered as a space), j represents all other than
the target space.
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Measure of privacy (PM) measures the private degree of a house. As a psychological
feeling, privacy is mainly manifested in the user's control over the degree of communication
with the outside world. Privacy is mainly achieved by dividing the sight and sound to satisfy
the psychological needs of users in the internal space organization of the house. For example,
when strangers visit, residents generally do not want to expose too much of the indoor area
to visitors' sight. Therefore, the ratio of the indoor area that can be seen from the entrance to
the total indoor area can be used as one of the indicators to evaluate the private density, as
shown in Figure 2.

Figure 2. Field of view at entrance (when door is opening)

n a normal small and medium-sized house, the most private area often is bedroom and
toilet, which also normally be allocated in the "most inside" position. Besides, some semi-
public space such as dining-room and living room can be set at a facility space. In addition,
the distance of bedroom and second bedroom also can be regarded as another indicator. The
more spaces needed to cross from second bedroom to master bedroom indicates that more
private the master bedroom is. Therefore, three secondary indicators of PM are proposed,
and the calculation formula is as follows:

PMl — ASopenZZSASclose (2)
PM; = CMyp, 3)
PM; = d,, )

In the formula, AS ., represents the area that could be seen at the entrance when all the
doors are opening; AS,;,s. represents the area that could be seen at the entrance when all the
doors are closed; AS represents the total area of the house; CM,,,, represents the CM of the
master bedroom; d,,,. represents the distance from master bedroom to second bedroom.
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Measure of utility (UM) indicates the degree of full utilization of indoor space, which is
embodied in the reasonable distribution of different functional areas and the effective use of
house space. For the small and medium-sized houses which are less than 90 square meters
commonly, reasonable allocation of functional spaces can improve the utility of the space,
so that useless spaces will not exist. Therefore, the proportion of corridor area to the total
area is regarded as an indicator of UM, the lower proportion indicates the higher area of
functional spaces, so the utility of the house is good. In addition, the distance between
relevant functional spaces such as dining room and kitchen, and CM of toilet, will affect
residents’ lives. In this paper, three secondary indicators of utility are proposed, and the
calculation formula is as follows:

ASaisle (5)
UM, =
L7 AS
UM; = CMiojiet (6)
UM; =dg_y (7

In the formula, AS,;;. represents the total area of indoor corridors; AS represents the total
indoor area; CM,,;;.; represents the CM of the main toilet; d,_, represents the distance from
the dining room to the kitchen.

APPLIED AND ANALYSIS

4 representative apartment types were chosen to use the above formula to evaluate and
analyze. Shown in Figure 3 to Figure 6.
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The table is the calculation results of the four houses. It can be seen from the table that
the values of PM; and UM, of the four houses are all equal. PM,; of Type 3 is the largest
while PM, of Type 2 is the smallest, which suggests that the privacy of apartment Type 2 is
better than others. In addition, the proportion of corridor area of Type 4 is the largest while
the proportion of Type 3 is the smallest, which indicates that the housing layout of Type 3
has the highest utility rate of space. The measure of convenience of the four houses are
similar, while the measure of convenience of functional spaces are different in each housing

layout.
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Table 1. Respective calculate results of the four housing layouts

onal

Indicator ?r?gl(i)cnac:gps/ Type 1 Type 2 Type 3 Type 4
PM1 39.630 33.650 41.330 40.060
PM PM2 2.000 2.143 2.250 2.167
PM3 2.000 2.000 2.000 2.000
umi 3.410 5.490 2.070 6.080
UM um?2 2.286 2.143 2.250 2.167
UM3 1.000 1.000 1.000 1.000
Living room 1.714 1.857 1.500 1.833
Master 2,000 2.143 2.250 20167
bedroom
Stfcondary 2.286 1.857 1,625 1.833
edroom
M Kitchen 2.571 2.714 2.375 2.667
Toilet 2.286 2.143 2.250 2.167
Study 2.571 2.143 2.250
Balcony 2.857 2.714 2.500 2.667
Corridor 1.429 1.286 1.375 1.333
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The results in Table 3 suggest that the CM of living room, dining room and corridor is
lower than other functional spaces, which indicates that these functional spaces are the
easiest to reach, and it is meeting residents’ habits. The balcony is regarded as a special
functional space because it is half open, and often be allocated at the edge, connected with
only one space. So that the CM of balcony is the largest which means it is the hardest place
to get to. The CM of bedroom is larger than the CM of living room and dining room, because
most residents dislike their bedroom can be reached easily. In these four housing layouts,
only the CM of the secondary bedroom of apartment type 1 is higher than that of the master
bedroom, which indicates that the master bedroom of apartment type 1 is easier to reach than
the secondary bedroom, so it is less private than the other three apartment types. In addition,
the CM of the kitchen of these four apartments is generally high, and the distance from
kitchen to dining room is 1, which indicates a higher utility. The study serves as the place
that office or rest, so the CM of the study is at a high level.

CONCLUSIONS

The results in Table 3 verify the correctness of the proposed evaluation criteria in a certain
extent. The higher value of the CM, the weaker accessibility of the space, conversely, the
space is easier to reach. However, the residents’ needs of each functional space are different
because of the personalized preference. For example, some apartments have a study while
some others replaced the study with storage, so that users can allocate space functions
according to their own needs referring to the measure of convenience. It should be noted that
CM is an inverse indicator, and a smaller value indicates a higher degree of convenience and
better accessibility.

Area is an important factor. In apartment type 1, the CM of secondary bedroom is higher

than the CM of master bedroom. According to the evaluation standard of this paper, the two
bedrooms position should be switched to optimize the space layout. But in real life, the area
of the master bedroom tends to be bigger than the area of the secondary bedroom. So, it may
not meet users’ demands if they change the two places directly. In this situation, users can
change the housing layout by themselves.
There are also interconnections between functional spaces, such as dining room and kitchen,
master bedroom and bathroom. The good arrangement of these functional spaces will
improve the convenience of users' lives. Some master bedrooms are attached with a bathroom
for the purpose of living convenience.

Additionally, the number of singletons continuously increases, the demand for cooking
is not essential for this kind of user. Therefore, the allocation of some functional spaces such
as kitchen and dining room need to be discussed if users do not have this kind of demand.
There are still some shortcomings in the evaluation indexes proposed in this paper. The
relationship among the three indicators has not been further discussed, and whether certain
connections can be found among the secondary indicators.
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