™

Check for
updates

Simulation Analysis of the Impact of Multi-atrium
Configuration on the Indoor Thermal Environment of
Office Buildings

Wei Huang®, Huifeng Li*(®, Laipan Du® and Dianmo Ma(®

School of Civil Engineering, Southwest Forestry University, Kunming, Yunnan,People’s
Republic of China
2390669580@qq. com

Abstract: In office buildings, predicting the average thermal comfort of the staff
is necessary for the architect to develop the building program during the
schematic design phase. To improve indoor comfort, architects focus mainly on
the structure and type of the building during the schematic design phase and try to
save as much energy as possible on the surrounding environment. In this study, a
traditional single atrium layout was compared to a multiple atrium configuration
to assess their respective effects on the indoor thermal environment.Simulation
software was used to calculate the Predicted Mean Vote (PMV) and Predicted
Percentage Dissatisfaction (PPD) indices using subjective assessments and
physical measurements. The index is a comprehensive evaluation index that
considers many factors related to human thermal comfort, starting from the basic
equations of human heat balance and the psychophysiological rating of
subjective thermal sensations.The results show that for most of the indicators, the
building is more suitable for a multi-atrium layout. Improvements in the thermal
environment were not significant in winter, but in summer, indoor thermal
comfort was better in multi-atrium office buildings than in single-atrium office
buildings in most climatic zones. Further exploration of the multi-atrium
configuration reveals that the increase in atriums introduces more natural
ventilation and natural light, significantly improving the indoor thermal
environment and reducing energy consumption.

Keywords: Indoor thermal Environment; Multi-atrium Configuration; PMV;
PPD; Energy Consumption

1 Introduction

In ASHRAE Standard 55 [1], thermal comfort is defined as a psychological state that
expresses satisfaction with the thermal environment, which is evaluated using
subjective evaluation. With the continuous improvement of people's quality of life
level, the requirement of a indoor thermal environment has become an important
concern, and the application of air conditioning can provide a more comfortable
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indoor thermal environment. However, the vast majority of energy-efficient buildings
are usually operated at lower heating temperatures, and temperatures under this
condition may usually fail to provide more satisfactory thermal comfort [2].In modern
days, providing adequate thermal comfort while obtaining high energy efficiency in
all spaces and all seasons is becoming a challenge for passive buildings [4]. How to
save energy while maintaining satisfactory thermal comfort has always been a
challenge of worldwide interest. Some scholars have introduced an appropriate
amount of natural ventilation from outside [5][6][7][8][9]. Research results have
shown that a good ventilation strategy not only improves indoor air quality and saves
energy, but also exhibits excellent thermal comfort performance. The air conditioning
system is controlled to be switched on and off according to different environments
[10][11][12]. The results of the study showed that this air conditioning regulation
decision can reduce energy consumption while maintaining human thermal comfort.
In addition, the researchers investigated the impact of the building envelope on the
energy consumption and thermal performance [13][14]. The results showed that the
building envelope provides sufficient energy and thermal comfort for the buildings.
Energy consumption can be significantly reduced by adopting new technologies and
strategies.

Although there are a large number of researches on energy efficiency and thermal
comfort optimization of buildings through different strategies, there are relatively few
studies on energy efficiency and thermal comfort optimization of buildings by
changing the building structure. However, several scholars have carried out related
studies and achieved some results. Li, Yao and Asadi, Ehsan [15][16][17] et al. have
sought the optimal solution through different simulation models and methods for the
design of a new building or the retrofit of an existing building by making trade-offs
between thermal comfort and energy demand. All of them aim to improve indoor
comfort and reduce energy consumption.

With the development of green building design, the design of atriums plays an
important role in providing thermal comfort to occupants and maintaining the
sustainability of the building environment [18]. Numerous studies have shown
[19][20][21][22][23] that designing atriums that are well integrated with the building
space and thus provide comfortable indoor temperatures reduces energy consumption.
Nevertheless, inappropriate design decisions can lead to thermal discomfort and thus
increase energy consumption [24]. During the design phase, several studies have also
carefully considered the effects of the geometry [25] [26], proportion [27] [28],
glazing type [29], and number of atria in a building on the indoor environment and
energy consumption. Among them, relatively few studies have been conducted on the
effect of the number of atria on the indoor environment and energy consumption of
buildings. Nevertheless, Richard MacCormac developed the concept of a multi-atrium
office building as an urban design and energy-saving device in the late 18th century.
The projects of Wang Fei, Zhou Xiaoru [30] have involved the layout of multiple
atriums, and Lu [30] and others have derived some basic guidelines for atrium design
by optimizing multiple atrium schemes.Yu [31] et al. conducted a study on double
atriums, designing and analyzing a variety of atrium layout forms, and found that
variations in parameters can have a significant impact on energy consumption. Yuan



Simulation Analysis of the Impact of Multi-atrium Configuration 549

[32] et al. explored the structural design of multiple atriums to improve energy
efficiency in shopping malls under cold climatic conditions.

Based on the current state of research, we intend to use a multi-atrium strategy to
achieve energy efficiency and thermal comfort optimization in buildings. Currently,
there are two criteria for evaluating thermal comfort: adaptive temperature limitation
(ATL) and predictive mean voting (PMV). The former shows the desired operating
temperature as a function of a weighted running average of the external temperature
[33]. The latter is the Predictive Mean Voting method proposed by Fanger [34] to
establish a thermal comfort evaluation metric. The latter method is used in this
study.Thermal comfort criteria for building design and operation based on PMV
modeling are widely accepted by ISO Standard 7730, and ASHRAE Standard 55 [35].
In recent years, different views have been expressed on the use of PMV for comfort
assessment. Humphreys and Nicol [36] showed that PMV does not correlate as
closely with comfort polling as air or earth temperatures and that the effect of PMV
measurement error cannot be ignored. An analysis of the ASHRAE database showed
that PMV can be significantly misleading when predicting the average comfort of
people in buildings in warm environments [37]. Nevertheless, PMV is still the most
widely used thermal comfort model [38].

The objective of this study is to compare the single atrium layout and multiple
atrium layouts from the perspective of thermal comfort, to explore the effects of
different layouts on indoor thermal comfort, and to analyze the reasons, to provide a
reference for choosing an appropriate atrium layout in building design. To achieve
this goal, two meta-models (only atrium layouts are different) were first established
by controlling variables. Different seasonal zones are selected for simulation and
discussed in terms of working conditions. Second, using subjective assessment and
physical measurements, simulation software was used to calculate the PMV and PPD
indices to verify whether different atrium layout forms result in significant differences
in thermal comfort, and to explore the impact of single-versus multiple-atrium layout
on energy consumption.

2 Research Methods

2.1 Computer software and evaluation criteria

Rhino software has been widely adopted in the field of architecture in recent years,
mainly because of its powerful modeling capabilities suitable for the design
requirements of contemporary architectural appearance and its abundant professional
architectural design extension plug-ins [39]. In this study, Rhino was used for
modeling, and combined with the plug-in Grasshopper to calculate the PMV and PPD
values in winter and summer seasons in different regions, and the traditional single
atrium layout was compared and analyzed with the multi-atrium configuration to
evaluate their respective impacts on the indoor thermal environment.Since different
environmental conditions can have different effects on human perception and
individual differences can affect the perception of thermal environments, ISO 7730
(International Standards Organization) set a standard to match the maximum number
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of subjects [40]. Thermal environments are currently categorized into three categories,
see Table 1.

Table 1. Classification of thermal environments

Level Class A Class B Class C
PMV [-0.2;+0.2] [-0.5;+0.5] [-0.7;+0.7]
PPD(%) <6 <10 <15

In the thermal comfort standard, Grade A represents the highest environmental
satisfaction, Grade B represents the medium satisfaction requirement, and Grade C
represents the lowest inspection standard requirement. The datasets were selected
from ASHRAE 90.1 for three climate zones (subtropical monsoon climate, highland
mountain monsoon climate, and temperate continental monsoon climate) and two
seasons.To check the effects of different types of climate zones and seasons on the
indoor thermal environments of single- and multi-atrium buildings. Table 2 lists the
actual and simulated indoor temperatures in the winter and summer seasons for cities
in the three major climate zones, and the simulated data are roughly the same as the
actual values to provide some basis for the accuracy of the subsequent calculation
results.

Table 2. Actual and simulated indoor temperatures in winter and summer in cities of the three
climate zones

.\ Indoor temperature Indoor temperature
Cities Source of data . .
distribution in summer distribution in winter
. reference[1] 10-25C 12-14°C
Shanghai . 5 3
simulated value 23-25C 12-29°C
reference[ 1] 14-26C 16C (average value)
Harbin . . o
simulated value 22-25C 15-19°C
) reference[2,3] 19-34°C 10-19°C
Kunming . 5 5
simulated value 20-25C 18-20°C

2.2 Multi-Atrium Design Strategy

How to bring more sunlight into the interior has always been a concern of architects
during the schematic design. The design of the multi-atrium layout not only promotes
natural lighting in the interior; it also allows less solar radiation to reach directly to
the areas on the lower floors. Adjacent atriums can lead to overlapping of natural light,
making the natural light underutilized. Therefore, the determination of the number
and location of atriums is the key to influencing the distance of atrium lighting.
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According to the fitting formula [41] for the light distance affecting the atrium (1)
Latr = 4.735 — 3.015 * SAR+ 7.462 x t 1)

The average light impact distance for the atrium was calculated to be 7.5m. Based on
the lighting distance of 7.5 meters on each floor, the spacing of the atrium should not
be less than 15 meters to ensure that most of the lighting zones of the atriums do not
overlap.The number of atriums is configured as 4, where the top light transmission
rate (== 0.6) and the height and width (SAR) of the atriums are fixed, taking into
account the dimensions of the original model.

2.3 Architectural Modeling and Parameter Setting

The architectural models are divided into two categories for a total of two atrium
forms as follows:

Model 1 (single atrium office building): building dimensions of 57 m X 49m X
21.6 m (length, width, height), floor number is 6, the height of the floor is 3.6 meters,
and the main direction is north and south. The window-to-wall ratio in the southeast
direction is 0.45, the window-to-wall ratio in the northwest direction is 0.6, and the
sill height is 0.9 m. The atrium is centrally arranged, 15 m from the east-west outer
wall and 18 m from the north-south outer wall. The layout of the building and atrium
is shown in Figure 1.
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Fig. 1. Single Atrium Layout Form

Model 2 (Multi Atrium Office Buildings): building dimensions of 57 m X 49 m X
21.6 m (length, width, height), floor number is 6, the height of the floor is 3.6 meters,
and the main direction is north and south. The window-to-wall ratio in the southeast
direction is 0.45, the window-to-wall ratio in the northwest direction is 0.6, and the
sill height is 0.9 m. The multiple atria are laid out by Section 2.3, with the distance
between individual atria being 15 meters, 7 meters from the east-west facade, and 11
meters from the north-south facade. The layout of the building and atrium is shown in
Figure 2.
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Fig. 2. Single Atrium Layout Form

According to norm[42], the current domestic requirements for the room occupancy
rate are divided into seven categories according to the type of building, such as office
and teaching buildings, hotel buildings, commercial buildings, inpatient hospitals,
outpatient clinic buildings, residential buildings, industrial buildings, and so on. One
of the office buildings is occupied from 7:00 to 19:00 on weekdays, so the air
conditioners are turned on for a set period of 12 hours on weekdays.

According to the ISO 7730 standard, the PMV and PPD indices depend on six
quantities: two subjective (clothing insulation and metabolic rate) and four physical
(air temperature, mean radiant temperature, air velocity, and air humidity), which
have to be measured or estimated to calculate the metrics leading to the evaluation of
the thermal environment [43].Therefore, the need for explicit procedures to measure
the entire relevant variables seems to be a critical step. The average clothing
insulation value of an adult in an ordinary office environment is higher than 0.3 clo,
and according to the provisions of the method for evaluating the heat and humidity
environment of artificial cold and heat sources in the “Evaluation Standard for Indoor
Heat and Humidity Environment of Civil Buildings”, the average clothing insulation
parameters of the model are set to be set to the following sub-conditions: 0.9 clo in
winter; and 0.5 clo in summer. Considering that people are in a sedentary state in the
office, i.e., the metabolic rate is fixed at 1.2 met.The other four physical quantities are
output according to the meteorological data files based on the software parameter
settings. The PMV and PPD values calculated by the model can be verified according
to the output results of the calculation program in the “Standard for Evaluation of
Indoor Heat and Humidity Environment in Civil Buildings”.

Since the subject of the study was to compare between a traditional single atrium
layout and a multiple atrium configuration, the immutable parameters related to the
building type were only assessed and not involved in the screening of
factors.Therefore, non-modifiable parameters such as building envelope, insulation,
and internal loads were screened out, and the screening helped to further simplify the
assessment of the impact of atrium configurations on the indoor thermal environment.
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3 Analysis and discussion

3.1 Predicted average turnout

The EPW file (https://www.ladybug.tools/epwmap/) was connected to the PMV
comfort calculator, where two of the subjective ones (clothing insulation and
metabolic rate) were entered by human input, and the remaining four physical ones
(air temperature, mean radiant temperature, air velocity, and air humidity) were based
on the data output from the EPW file. Based on the six quantities affecting the PMV
values above, the indoor PMV values for different floors of the single atrium office
building in summer and winter were calculated based on the first zonal model.To
better compare the indoor thermal comfort, the indoor PMV values for different floors
of the multi-atrium office building in summer and winter were also calculated, and the
PMV values calculated in the table are averaged over multiple points in the building.
Table 3 lists some of the values output by different atrium configurations based on the
software parameter settings during the summer months in Shanghai.

Table 3. The software outputs some of the parameter values.

Average

Floor Radiant hurﬁilcrlity PMV PDD afg;/tlir:lecl::rtl Con'ﬁgurat
Temperature (%) ion
o (%) Level
()
F1 25.75 56.20 -0.47 6.69
F2 26.09 57.99 -0.40 7.60
F3 26.25 55.67 -0.39 8.06 B Single
F4 26.25 55.67 -0.39 8.06 atrium
F5 26.45 55.67 -0.36 8.22
F6 26.73 58.07 -0.29 9.45
Fl1 26.76 69.85 -0.19 5.72
F2 26.79 69.77 -0.18 5.65
F3 26.80 68.19 -0.16 5.51 A Multi-atri
F4 26.81 68.98 -0.15 5.45 um
F5 26.81 67.91 -0.14 5.39
F6 26.83 66.88 -0.11 5.24

According to Figure 3, the PMV values of different working conditions are in the
thermal environment classification, and the environmental satisfaction of multi-atrium
office buildings is higher than that of single-atrium office buildings. Among them, in
summer, it can improve from category B to A with significant effect. In winter, the
effect is not significant despite the increase in PMV values, which is still insufficient
compared to summer. This is because the sun is further away from the earth in winter
than in summer and receives different intensities of sunlight.In addition, body
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temperature is affected by air temperature and humidity, but also by temperature
radiation from floors and walls, which creates different sensations of warmth and cold.
Typically, altering indoor thermal comfort requires staff to install a significant amount
of heating equipment in winter buildings.

To understand the effect of different climate zones on thermal comfort levels,
Kunming and Harbin cities in China were also investigated and the indoor average
PMV values based on two climate zones were measured for different floors in the
single-atrium and multi-atrium office buildings, and the results of winters and
summers are shown in Figure 4 (Kunming) and Figure 5 (Harbin). Figure 4 illustrates
that in summer, the indoor thermal environment is reduced from category B to
category C, which is not effective. There is no significant difference between the
indoor PMV values of the two buildings in winter. Figure 5 shows that the indoor
thermal comfort of the multi-atrium office building is better than that of the
single-atrium office building in summer and can be improved to Class A thermal
environment.

—&— summer{single atrium)
—=#— summer(multi-atrium)
—— winter(single atrium)

00 . r s *— winter(multi-at L=

PMV
L 8
= o
T T

Fig. 3. PMV values in Shanghai
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Fig. 4. PMV values in Kunming
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Fig. 5. PMV values in Harbin City

From the software output results, it is clear that: 1)Air temperature and clothing
thermal resistance are related to the season; relative humidity and metabolic rate are
fixed by humans; 2)The differences affecting the output results are mainly determined
by the average radiant temperature and relative humidity.Based on the above analysis,
the single and multiple atrium configurations primarily affected the mean radiant
temperature and relative humidity.Here are a few common reasons why this may
affect: single atrium layouts have skylights or canopies that concentrate the daylight
and heat input to the interior, while multiple atrium layouts will have multiple
skylights or canopies that disperse the daylight and heat input.Proper shading systems
can reduce heat buildup and average radiant temperatures and provide a more
comfortable indoor environment. Single atrium layouts may be limited by a central
opening for natural ventilation.While multi-atrium layouts have more ventilation
systems designed to provide adequate fresh air and efficient indoor airflow. A proper
ventilation system can help regulate the relative humidity in the room and provide
better thermal comfort.

3.2 Percentage of predicted dissatisfaction

Objective simulation data analysis shows that the multi-atrium strategy can further
improve the indoor thermal environment while meeting the design requirements of
indoor environmental parameter changes. However, this paper lacks data analysis
from subjective questionnaires and can only calculate the PPD value from the model
through the existing equation (2) [44].

PPD =100-95.0xexp[—0.03353x PMV* —0.2179x PMV*] (2)

The PPD indices (by work condition) for the three climate zones calculated from the
model are shown in Figure 6, Figure 7, andFigure 8 . Based on current data, the PPD
values did not exceed 15%, which means that the minimum inspection criteria
requirements were met. Single atriums have higher PPD values than multi-atrium
office buildings in both winter and summer. This may indicate that multi-atrium office
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buildings have a slightly more comfortable indoor environment based on the different
forms of atrium layouts in the same building, and workers prefer multi-atrium office
buildings. In addition, changing the form of the atrium reduced PPD values in all
three climate zones during the winter, but the effect was not significant. In contrast,
both Shanghai and Harbin were able to reduce their calculated PPD values to less than
6% during the summer months, which may indicate that people are more
uncomfortable in single-atrium conditions than in multiple-atrium conditions.

summer(single atrium)!
summer(multi-atrium)
winter(single atrium)

& winter(multi-atrium)
12 o — = = — — —
10
’5 8
=
= °r
i .
3 |-
0
floor F1 F2 F3 F4 F5 F6
summer(single atrium) 9.45 8.22 8.06 8.06 7.6 6.69
summer{multi-atrium) 572 565 5.51 545 5.39 5.24
winter(single atrium) 12.05 12.05 12.05 11.81 11.58 11.58
winter(multi-atrium) 11.81 11.81 11.81 11.81 11.81 11.81

Fig. 6. PPD values for single/multiple atrium arrangement in Shanghai during winter and
summer months

PPD(%)

0

floor

summer(single atrium)
summer(multi-atrium)
winter{single atrium)

winter{multi-atrium)

summer(single atrium)
summer(multi-atrium)

winter(single atrium)
winter{multi-atrium)

Fl F2 F3 F4 F5 F6
89 9.08 9.45 9.08 9.85 9.85
10.25 10.46 10.68 10.68 10.68 109
11.81 11.81 10.9 10.05 9.65 945
11.81 109 10.68 945 9.45 927

Fig. 7. PPD values for single/multiple atrium arrangement in Kunming during winter and
summer months
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[ summer(single atrium)
14 || summer(multi-atrium) |__
[ winter(single atrium)
[ winter(multi-atrium)

PPD(%)

0
floor F1 F2 F3 F4 F5 F6

summer(single atrium) 597 6.69 7.18 7.9 8.38 8.55

summer{multi-atrium) 5.65 5.65 558 545 545 539

winter(single atrium) 76 7.46 732 693 693 68
winter{multi-atrium) 7.6 7.46 7.18 6.93 6.8 6.69

Fig. 8. PPD values under single/multiple atrium arrangement in Harbin during winter and
summer months

As can be seen from these data, thermal conditions in winter can be improved but not
significantly. In summer, the thermal comfort of multi-atrium office buildings is better
than that of single-atrium office buildings in most climate zones.In addition, this
paper focuses on the simulation of office buildings. Unlike residential buildings,
where occupants can walk around freely, they can adjust their clothes and walk
around as they please to cope with the indoor thermal environment.For workers,
assessors may be influenced by building managers, making them more inclined to
give positive assessment results to safeguard the interests of the parties
involved.While subjective assessments may be affected by several biases and
limitations, these are minimized by taking appropriate measures in conjunction with
objective and comprehensive analysis to obtain more accurate and comprehensive
indoor comfort assessment results.

3.3  Predicted average turnout

The indoor environmental performance of a building is a combination of the indoor
thermal and humid environments, air quality, acoustic environment, and light
environment. This paper focuses on further improving indoor thermal comfort by
changing the atrium layout of a building, thereby inducing a change in the indoor
thermal and humidity environment. Nevertheless, some other aspects of potential
indoor environmental quality are also affected by changes in the form of the atrium
layout.

Lighting is one of the most important factors in assessing the quality of the indoor
environment, and over-illumination and poor light distribution are among the factors
that contribute to visual comfort problems [45]. Inappropriate lighting conditions may
bring about glare problems, and visual discomfort even lead to other health problems.
Reducing the energy consumption of artificial lighting has been a worldwide problem
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since lighting equipment is one of the highest energy consumers in buildings.As
natural lighting is the main source of daytime illumination, how to bring natural
lighting into the interior has always been the focus of designers. In this paper, more
natural light is introduced into the interior by changing the layout of the atrium to
meet the desired indoor illumination level, thus reducing the reliance on lighting
equipment.

In addition, the worker's satisfaction with the room at work is very much dependent
on acoustic comfort, i.e., the state of satisfaction with the acoustic conditions [46]. It
has been found that acoustic frequencies that last for more than one hour have a
significant impact on occupant comfort [47].In air-conditioned office buildings,
varying degrees of air conditioning or fresh air exit velocity determine the degree of
noise reverberation. Generally, staff reduces the noise by reducing the airspeed, while
low speeds can lead to poor indoor air circulation, which affects local thermal comfort
and air quality, and consequently the satisfaction of indoor personnel with the
environment [48]. Reducing indoor noise is a comprehensive engineering problem,
and specific methods need to be selected and implemented according to the actual
situation.

In addition, single-atrium office buildings may face lower air circulation, resulting
in poor air quality, this paper adopts a multi-atrium configuration, which allows the
space communication among the atriums, enabling indoor air circulation through the
control of the windows to further improve the air quality and thus increase the
comfort of the indoor workers.Nevertheless, changing the atrium layout does not
show better thermal comfort in all areas. One study demonstrates that the Kunming
area in southwestern China, is a typical mild climate zone in which the demand for
cooling in summer and heating in winter is limited, and stoves or electric heaters are
mainly used for heating in winter, while natural ventilation or fans are chosen to
improve indoor thermal conditions in summer [49].When the atrium layout is changed,
more natural ventilation can be introduced to the interior, but the opening of windows
also brings in a large amount of solar radiation resources. Excessive solar resources
can lead to drastic changes in indoor relative humidity and temperature, thus causing
the indoor thermal environment in Kunming to transition from Category B to
Category C in the summer.

4 Discussion and suggestions in the use of multi-court office
buildings

This study investigates the effect of the multi-atrium layout approach on indoor
thermal comfort to provide designers with a reference for unique building space types
at the early stage of design. Through the simulation analysis, the multi-atrium
structure also shows significant differences in the calculation results from the
single-atrium structure due to the interactions between the individual atria. Compared
with the studies of Amani, Nima (2017); and Yunzhu Ji (2023), the evaluation indexes
used to improve indoor thermal comfort are different.This study uses meteorological
data files from several areas and calculates and analyzes PMV and PPD values by
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working conditions. Considering the high cost of computational time, the number of
atriums should match the scale and spatial layout of the building, so this study fixes
one type of multi-atrium layout for simulation according to Section 2.2. In addition,
the building type in which the multi-atrium structural layout is located differently
from that of Yuan (2022).In this study, the multi-atrium configuration of office
buildings, on the other hand, focuses more on the introduction of natural ventilation
and natural lighting. In addition, Yu (2011) and Huang (2015) on multi-atrium
configuration only explore the advantages and disadvantages of the indoor lighting
effect, while this paper mainly explores the factors affecting the indoor thermal
environment, thus exploring the analysis of potential factors affecting indoor thermal
comfort.

In addition, traditional single atrium layouts were compared to multiple atrium
configurations to assess their respective impacts on the indoor thermal environment.
With a restricted atrium size, a larger number of atria allows more solar rays to
penetrate a larger number of floor areas, thus contributing to energy
efficiency.However, the number of atriums is not the more the better, but also
concerning the minimum distance that affects the lighting between the atriums. A
reasonable arrangement of atriums, to make full use of the effect of natural lighting, is
required.

In addition, single-atrium office buildings may face the problem of insufficient air
circulation, resulting in poor air quality and increased PPD values. There may be
differences in lighting between single and multi-atrium office buildings.Single-atrium
office buildings may have insufficient indoor lighting due to the building structure
constraints or the internal layout of the atrium, resulting in reduced visual comfort and
increased PPD values. Therefore, the design and layout of multiple atriums may
improve the perception of indoor comfort as described above.However, multi-atrium
office buildings may have more shared spaces , increasing noise from human
activities and interactions, leading to increased noise disturbance, which in turn
reduces the comfort of the working environment and increases the PPD value.
Reducing indoor noise is a comprehensive engineering problem, and specific methods
need to be selected and implemented according to the actual situation.In conclusion,
under the right climatic conditions, multi-atrium layouts in office buildings can
provide excellent thermal comfort and considerable energy-saving potential.

5 Conclusion

This paper provides insight into the optimization of indoor comfort during the
schematic design phase of a building project, with a special focus on energy efficiency.
Traditional single atrium layouts are compared with multiple atrium configurations to
assess their respective impacts on the indoor thermal environment.

1.Determine and output six environmental parameters affecting PMV and PPD
values such as thermal insulation of clothing, metabolic rate, air temperature, average
radiation temperature, etc. Through meteorological data files and references, all of
which meet the requirements of the “Evaluation Standards for Indoor Thermal and
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Humid Environments of Civil Buildings”. The output results show that: Air
temperature and clothing thermal resistance are seasonally related; relative humidity
and metabolic rate are artificially fixed; and the differences affecting the output
results are mainly determined by the mean radiant temperature and relative humidity.

2.The traditional single atrium layout was compared to the multi-atrium
configuration, and three climatic zones in ASHRAE 90.1 were selected to calculate
the PMV and PPD indices using simulation software in winter and summer seasons.
The results of the study indicate that multi-atrium layouts typically provide superior
thermal comfort, especially in the summer months across all climate zones.The
thermal conditions all tend to be colder in winter, with no significant difference in
indoor PMV values. It is worth noting that the model does not apply to all regions due
to different building types and climatic conditions. For example, when applying the
meteorological data file of Kunming, the results of single atrium and multi-atrium do
not change much. Nevertheless, other regions achieve higher environmental
satisfaction with the multi-atrium layout method.

3.Potential factors affecting indoor thermal comfort were analyzed: Limiting the
size of the atrium and the use of a multi-atrium layout can further improve the visual
comfort of indoor workers. However, more shared spaces may exist in multiple atrium
configurations, increasing the noise of human activities and communication and
decreasing the acoustic comfort. Improving acoustic comfort is a comprehensive
engineering problem, and specific methods need to be selected and implemented
according to the actual situation.

4.Further exploration of multiple atrium configurations in office buildings revealed
that the increase in atriums introduced more natural ventilation and natural light. The
results show that natural ventilation and lighting can significantly improve the indoor
thermal environment and reduce energy consumption. Thermal comfort and energy
demand were weighed to provide a reference for designers to find the best solution.

This paper investigates the impact of multiple atrium configurations on the indoor
thermal environment and energy consumption of office buildings in winter and
summer in several different climate zones. The results of the analysis can provide a
basis for improving the indoor thermal environment of office buildings, improving
personnel comfort, and reducing building energy consumption.Currently, multi-atrium
configurations are mostly applied to large shopping centers and relatively few for
office buildings. In the future, more multi-atrium configurations will be applied to
office buildings, taking into account the building type and environmental conditions,
to validate and enrich our results.
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