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From today, we will study architectural
environment. As this is the first lecture, I
would like to present an overview of what

you will learn in this class.

To begin, let me provide a simple
explanation of architectural education in
Japan.

In FEurope and America, students

primarily study architectural planning,

while covering only the areas of
architectural structure and architectural
environment that are mnecessary for
planning. On the other hand, Japanese
education 1is slightly different, and a
greater emphasis is placed on having a
balanced curriculum.

Next, I will explain what students learn

about environment of these three fields.
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In order to evaluate the environment, we
first consider (1) the mechanisms by
which the physical environment affects
humans.

These mechanisms include temperature,
humidity, solar radiation, and the velocity
and direction of wind.

Second, we consider (2) the effects of the
environment on human psychology and
physiology.

These effects include feelings of hot, cold,
comfort, and discomfort.

Third, we consider (3) the totality of the
environment.

In this way, an evaluation system for the

environment can be established.

EHB LT,
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The environmental conditions are
controlled based on a rating system. For
this, we consider the following three
items.

First, (4) the building itself is shelter,
which provides protection from the

natural environment, for example,
protection against wind and rain.

Second, we consider (5) passive design for
controlling the environmental conditions
by architectural means.

For

summer,

example,

the

in Japan during the
room temperature and
humidity are often high. To cope with
this, one can open a window to promote
cross ventilation. Consequently, the room
temperature and humidity will decrease
and comfort will increase.

In the example describe above, the flow of
air is greater when two windows are

opened, while the flow of air is much less
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when there is only one window.
Additionally, for two windows located on
opposite sides of the room, the flow of air
is much greater in comparison with two
windows located on the same wall.

Such architectural means of controlling
the environment are called passive
design.

If we were to consider only passive
design, comfort would be dependent on
outdoor condition; therefore, we must also
consider (6) active design for controlling
environmental conditions artificially by
using machines and energy.

In the above-mentioned example, the
accumulated indoor heat is exhausted by
cross ventilation in the case of passive
design; however, when it is extremely hot
outside, hot wind enters from outside, and
the temperature of the room does not
decrease.

Also, if there is no wind, the room cannot
be cooled effectively.

To address such problems, the indoor heat
can be artificially exhausted with
equipment such as air conditioners and
fans.

Such approaches are categorized as active
design.

Including the evaluation system, items
1-5 are referred to as principles and basic
item 6 is

theories of environment,

referred to as building services
engineering, while items 1-6 are referred
to as architectural environmental
engineering (which is analogous to the

physics of a building’s environment).



R

TLHI 9D

&<

Wo AT

RN FEF 2

SN

*&mlébhfwéFFFI%Jﬁ%%

5 FTULDk
5 < KB & o0 koo B B
50 S B BB Fpbe
THEERETHAENE L,

HLMAELS T

F—"—F (Keywords)

NIVTTHAL T ITATTHAY

H A5 fZ R

AA
X1

Pﬁiﬁﬁ%J

ZRELEICLT. TRELE. BilicLcenyE

Bl 74 R T4 i S R 5

=3 F?ﬁ;k TXi’DE$§£

X2 rozs—)
éiéi@&ﬂ W BT O - & T
HF & = v LA
R R B L — R T B
Y4 TER

5 &

nE < A/
[ i BN %%@ﬁh@ﬁm

BB
MAE LD

e il %?é%ﬁ
BLIERT L RENT

Bl - B 2 O THIEAES . RS
R reml
X 6 Fﬂﬁj

AN n s

Sk E
X8 [~fFH]

ZOLOORTRERICASD, BERD LV ERTT,

- 189-

14.

&

LAt A < D

LAl ﬁﬁﬁ%

J00o0o000oO00oDO0oO0ooooDooOo
00000 Nagoya University 2010

The term “environmental engineering” is
widely used. In general, it is used to
indicate engineering in the environment
of large areas such as air pollution and
water pollution. To distinguish between

environmental

engineering concerning
large areas and that concerning
architecture, the term “architectural

environmental engineering” is often used.

T,

BB L. MEEBLTT,
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1. Jf,%%qu‘: 1) %%ﬁg% j/%i Ix 3 LT %ﬂ i;%f% . 1. In the principles and basic theories of
j;':’)%f%éi%\ S J,(%%f‘% . jjéﬁ%éi% 7)?%%h ,};L‘/\u“éﬁ“o environment, the thermal environment,
aerial environment, visual environment,
and acoustic environment are the main
types of environments.
2. ThEbvh,. oh Eﬁﬁ%éi%@ﬁ” Tﬁf;%%ﬁ“’f 2. Therefore, I will explain specific methods
%;njﬁﬁ)bﬂ L%, by which these are studied.
3. FAT 4R, %fi ?;T_)% 7 };é%d) )%a‘ﬁ z 3. Moreover, I will explain these different
Lo “C@ )‘j“ffﬁ/{j«iﬁ D % zjiﬁv) L;Eui,c DD types of environments, taking a house as
T, /%\lﬁlﬂi EE % %’:WJ LT 4 SDE fI % an example, as there is an ideal
%ﬁqﬁ}% LET, architectural environment suitable for
each building use.
B ARFEfE R
X1 rfeLTy
%m%ﬁ CRHELOELTENIERT, [Bbic), [bollb] EEVZ 5 ENTXET,
Bl ARORITCET L LT EE EboT,
Bl : - OHAEEE L LTHOEE A SRR LT 5,
X3 TH#)
fEED - LT, Bl : = BRI 0AS,
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sth oo
5. BAIRIE
ij_mn AEL Ob\fnﬁ% LE. 1. First, let wus discuss the thermal
environment.
25 ]\“O)ﬂi% » 4\2’@% J]E:ll/jﬁk/-{& / 755’“3[ X 2. This figure shows examples of various

S ERO AR L ET

factors that cause the temperature of a

space to differ between summer and

winter.
if%&:ob\“(%ﬁ 2 F1, 3. First, let us consider the case of summer.
[ {K/ iéifliu‘ﬁfj? _{L\i% LTWADT, fﬁ 4. Japan is located in the northern
fjbtli};; );E ﬁx% <. géb\(ﬁﬁﬁxg% _7%:[, A Tx hemisphere; consequently, the solar
7. altitude is high during the summer and
strong solar radiation can stream into the
room.
ErA OB EG SRR L LTENICA 5. Hot air from the outside enters as air
STERZD, %i#%%% %éé L’C%%K%o leakage; moreover, the wall conducts heat
TE%T, from outside into the room.
* @({%\GC . %%} T 17\ j&%é%ﬂ%*}l}é%%%%’ﬁh 6. Heat is also generated by the human
Lﬁi’:)@%%%if; L g L;,L ufx ) %ﬂij%éﬁg L% body, equipment, and lighting.
K
=5 ’?ﬁm\ &‘]L%Bi\zgx 6i7§ L kﬁi %j c:%%’% LE+ 7. In winter, although internal heat is
. miﬁ;%}iﬁjﬁ <. %%)l/\ l%i %LZ})%M \z ; generated as in summer, the solar
Lé\%aiﬁ‘o altitude 1s low. As a result, the solar

192
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radiation that streams into the room is

weak.
8. F 7= Fﬁﬁff’;ﬁ/}ﬁ%’;ﬁ%@é% 2k o7T %%J i) ;ﬁ 8. In addition, heat is lost from the room to
c:%}iyﬁi Hrj TWE F4, the outside by conduction and air leakage.

F—"—F (Keywords)
‘KpmE R4 - P ] i C NIRFEBL BRARFEEN MREAZEEL - RIS EL

B8 FAEE (Related terminology)

<SR (XFA) :temperature
{2 (L-2&) :humidity
< kBt (72 0 9) :convection
Jist (1251 %) :radiation
A& (B x<=2IZoL%) :direct solar radiation
HEL B B (EABAZ- L) (diffuse solar radiation
< B (U AEH L %) :land radiation
« K& (7200 &1ZH L %) :atmosphere radiation

I
Eotig, ROl B 1, THE R B g,

X5 TSR]

)%foek“@ =% B AoTL é%bjﬁ@:&fﬁ“o =% bi%}:%k@%t@j}ib&)b\“@\ék
CADZ LT, HAZRAEFCSTER SO M ChTNARTEERH Y, LI NBENA-TL
:Miﬁ’;b\@f‘?‘o

X5 [

BOM S WEO T BB 2B 4, TREN) TERIAH) e, BT, nikomil
I IR~ B W 6 & b > THBI L,

il - SR OISR 5 P~ 5,
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Sk

e /=S k% L=k oIz, %%’mzﬁé jj%_»fﬂ;l X ﬁ 3 1 There are various factors that cause room

% i[i%- F’Eﬁ}_{ q%k )\ (Elo | @\ E‘ﬁ%;%%fx i é temperature fluctuation as shown above.

XY ET,

D EP NG B%r F’Eﬁ }‘L%{}g; i @#@0)[&# F’Eﬁ%—’%ﬁi 2. The room and the outdoors exchange heat

%J&é LT@W L %5‘% 7j> ]’ﬁ %JL e E& N % directly by air leakage and conduction.

L. %%@?ﬂ}% iﬁ 7)%&5‘%0)?&5% fﬁ c:iﬁfj‘ < The heat moves in the direction such that

%ﬁﬁj _%;L 73\%5’ %}J L%, the indoor thermal environment
approaches equilibrium with the outdoor
thermal environment.

L7228 » “Cléi; F;ﬁﬁ%’%%ti\ %&i%% 75_’% 3. As a result, air leakage and conduction

<. ?ﬁm%% 75_»% < LET, make the room hot in summer and cold in
winter.

L%} Er Lf'?"m\%fﬁmfi 6;*%%%&:%;& < = A 4. On the other hand, solar radiation and

@jﬁé %:j):h‘ ) u@] xxZLFET, the internal heat generation raise the
indoor temperature regardless of the
season.

L7z ->TZh b, E i%% Rl &:% 5. Internal heat generation makes the room

<. KipEsEmLET, hotter in summer and eases the cold in
winter.

ZnkxH f;&%’:ﬂjf’é - }IE'/[L %%ﬁ L.2h%x = 6. The room temperature changes by these

e

/}

FaLRT 7 P OB ko
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?&fﬂfﬁczéu?gbiﬁ“o equipment such as air conditioners and

fans to maintain a comfortable thermal

environment.
7 D rHlz, m%ﬁ{%’(!ﬁj&i}@%ﬁ%%%ﬁ 7. In our study of the thermal environment,
éﬁﬁb @&fﬁyf\ ﬁi@%b\’%’im? 7 &?&%U\i we discuss the movement of the sun, the
7, mechanism of fluctuations in the
temperature of a space, and methods for
calculating heat.
& A EE (Related terminology)
<EVA T (722.57>) theat load
- HEAN (LWNED 572) cooling load
‘BEEAN (7201E9.50) heating load
22N (KHEBH XHD) 1air conditioning
B ARGEME R
A 5 r,b‘:_‘_’/v*bj
MLOIRERRD LT &, £, W00, RbLTEITH L,
nw EABLE) » A
il BOE 24T 2,
v Cw 57 »n A b ZomoH & &<
il B AR D 71&50)%)? LWl BHI S T 72,

¥6FI7:>J

(27 - avF yvaF—) (27 arFova=u2) O CF, —OX57% KL< . [¥x
?w-ﬁyﬂ:—J@F€*:VLFN—Y%»-ZVEJ—5~J@FNV:VJﬁ8®%ﬁ%6m
F7,
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Sk

Next, we will consider the aerial

environment.
Considerations for the aerial environment

primarily include air conditioning by

ventilation, and adjustment of
temperature and humidity.
The term “air conditioning” 1is often

shortened to “AC”.
In a sense, buildings must breathe, just
like people. An important function of air
conditioning is bringing clean air into the
building and exhausting dirty air.

Next, let us consider ventilation.

If ventilation is inadequate, indoor air
quality IAQ) deteriorates.

There of

deterioration of air quality, one of which is

are many causes such

carbon dioxide from cooking and human
respiration.

For cooking, gas is commonly used, which
to carbon dioxide by

1s converted
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o s

CTEEEEE MR - BNZZLE (Indoor Air Quality)

- FERMEA LAY (Volatile Organic Compounds)

FAEE (Related terminology)
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combustion.

Another component of the aerial
environment is odor; for example,
formaldehyde and volatile organic

compounds (VOCs) from new types of
building materials have recently become a
problem.

For this reason, adequate ventilation is
necessary to exhaust pollutants, thereby
promoting the comfort and health of the
occupants of the building.

IRV AT VT B K HCHO

@ JE (-29.59) :ventilation
Rt (EDwwH) rairflow
HARERESR
SA mn /v;
X2 I#ag)
R AR D D LT,
vy E< ~ VA3
Bl . B AR STV D L X IERCROBRAIZAE ST TS0,
RA l':‘:)lf;L\<5€= L2
6 [ENERH
o < AN < 9 & Lo < 9 & &< Ho LoD b Hn FAZH Hvino
HMBEOFOEGOED = LT, BRI E TN D WHEOE S MERE A AT5 12 waémkoﬁ ko7,
BEOBLELAREY 3, T 13 ) TEEOR) O 5 e 22 6l g4,
Bl ol ORI ES -,
PO - = o FL XD
Bl B AT 2 e 5,
S ZEBS
X7 TEER
HIN 5D VA é‘L{ z L W (ié ‘é\, n 7':_‘_{u z AV EH5Lwo FALLD &< L9 RS \‘i};f‘:, [A%:3 kB
HEW s AR B R A Y M, LB R A A R~ 2 B & L BB T 5 B AT o7 D

FAICS I AL D

thV 0 B REBIO - & AR LT,
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Sk

To adequately ventilate a room, it is often
necessary to use a mechanical device such
as a fan, since only opening a window
tends to provide inadequate circulation of
air.

The upper figure shows an example of a
room equipped with fans for supplying
and exhausting air. In an alternative
arrangement, a single fan could be used
to either supply or exhaust air, and the
opposite wall could have an air opening.
The arrangement and number of fans are
typically decided by the use and size of
the room.

For example, do you know whether a
ventilation fan in a restroom is for air
supply or exhaust?

The answer is that restroom fans are for
exhaust; the restroom is given a negative
pressure to ensure that odors do not

spread in the house.
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6. H L/é,?:.‘) /;?\I ] THILE A LD EP M &ELF 6. If the fan were to supply air, the restroom
R ?E D j%%F'aﬁ nB ’1:7 A 75‘\2?2)3 S>TLEWNE would have positive pressure, and odors
T2, would spread from the gap between the

door and floor.

7. - “Cz;tf i foe/;h:é%\ f;%f% 272 D f:m:]ng 7. In studying the aerial environment, we
. s i 5)( %i—;%i {2372 };72%’ will learn about ventilation methods, air
NEF, exchange rate and calculation methods,

which are necessary for maintaining a

comfortable aerial environment.
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2.

Next, we will discuss the visual
environment.

Sunlight can come into a house through a
window, and the space near the window
usually becomes bright during the day.
However, if we use only daylight as a
lighting source, problems will arise. For
example, if there are dark places in the
house, although it may be possible to see,
certain tasks would become difficult.
Without sunlight, the home would become
dark.
Although

positively affect the environment of the

sunlight 1s considered to
house, sometimes sunlight is not let into a
building, depending on its use, for
example, in an office where many workers
use computers and do desk work such as
reading and writing documents.

If the sunlight is too bright for desk work,
it is typically blocked with window
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shades.
6 '5“2’ )f %Z é Tb Ei %T?)\ Eﬁi“(}iﬁf L. E%}j 6. In the classroom of a school, students
0)2% ﬁ z295< 7‘; HDOTT 742 K& F;'FJ often close the window shades because the
) %.’) A ENH D <E b\iﬁ‘o blackboard reflects sunlight, which makes
it difficult to read writing on the
blackboard.
7. L7=23-> T, 5’{5 ﬁf/%éi%“mi :,Lﬁl‘fé’-jén ﬁ\tm}i) 7. Lighting is a very important part of the
<9, visual environment.
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For lighting, it is necessary to set the
illumination as uniformly as possible,
because it is difficult to see when it is too
dark, as well as when it is too bright.
There are various methods of lighting, for
example, general lightings to illuminate
the whole room and individual lighting to
illuminate a smaller space.

In studying the lighting environment, we
learn about the brightness that 1is

necessary for various situations and

methods for calculating brightness.
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Xz oo
1. BIRIE
?}é G:%%}%?“g 12O “C%m ZF7, 1. Next we consider the acoustic
environment.
1,\1,\?@5\ SED ,E\:ft@u\l, \%%Hé H =Dl yE 2. The comfort level of a sound is defined by
DX 6_ L7E6WnnEng 2 &% %7 zZ A the reverberation time.

Lx. s 2ET .

%

3‘% 9 1 #F'Eﬁ AR 2)/ i’E“% HA 0) LT, 3. The reverberation time refers to the

32 ¥ %%F'Eﬁ 75\& v \%ET Hnig }i g T 55 S sound conditions. If it is long, the sound
7%,(’%%1?‘)@ AR 5?3% s H%%F'Eﬁ R %5 v M[SE“C“&;#’L environment in the room becomes
;‘ré}ﬁ( Le_XoTWA X9 < “Cnﬁ X echoing; if it 1s short, the sound
AN F'EFJ ZzxWnWk9H f;%ﬂ ;% ) W72 F environment becomes such that it 1is
ER difficult hear conversations except at

close range.

rr

&') > b if g Ejf‘ﬁaﬁ 4[5% jﬂ)é J: 7T 4. Since the demanded reverberation time
£

9 &

\

- s

E:: 2B DT, zcj/LZgij@u[g% Mgz -7 differs depending on the use of the room,
“‘rfﬂn’ e 2 2 A0ERG 0 £ . the reverberation time must be suitably

[N

ﬁ

designed for the use of the room.
éﬁ;%zi,ﬁ HL%E)F'E/ﬁ TAA=UBLIZ e % 50T b The concept of reverberation time may be
%{J 2 HITT 7?% ZTHFET, difficult to grasp intuitively, so let us
consider the specific example of a room
with concrete walls.
?ﬁﬂ I, a7 —k E.%c: =+ ﬂf;#ﬁ)%%; 6. As you know, you will hear many echoes if
%”z F 9, you speak in such a room.
:%c%bu DrHrczDLrH7 EZB%“C?-; % Hjﬁ‘ 7. This means that the reverberation time in
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e %)%%é‘ F9, a room with concrete walls is long.

8. SED LY — ]\Ei“(.inf; 4 % 1%% 8. Next, suppose that we were to install a
%‘3 EI%EF'Eﬁ 753;§l/ N, ceiling member that absorbs sound.
U728 > THERICIE @ # K 9 2355 T

ﬁ%ﬁﬂzbiﬁ

9. 7 7L:‘$ Iz ﬁ;k 2 DT G:%%cﬁg % '?;%o w5 9. This ceiling would serve not only
DT TRV O T, aesthetic purposes.

10. F=nilch—r ‘/%:{%Lﬁjjﬁ;{f: . %ﬁ{%?&@\ 10. In addition to the ceiling materials,
Wiz, E£7- i}(ﬁ‘%% Tl EAND & suppose that we were to install curtains
=T fﬁ% j\ Xz2h 7§xﬁ%‘; Fﬁé} LL[xy)ﬁ‘ and a carpet and that there were many
ADTH - & ;%%5 H#F'Ejﬁx{}jz I *i,“z;:foc < 7 people in the room. Since these absorb
D F9, sound, the reverberation time would

decrease and echoes would not sound in
the room.
11. Zo ki L“Ck ; @HL /Fﬁu 75_»;%371&?“0 11. Reverberation time can be viewed in this

manner.
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5
3

»

s

A (&3

&

%)% i BixE x15Ex, uw\fﬁa}ﬁ;ﬁ < ji(zzyi 1. In regard to the acoustic environment, it
FTIEARL RS R SO L 51z LTHi < is essential to consider not only pleasant
tWnwHr Lk iigjfﬁ <7, sounds but also the prevention of

unpleasant sounds.

F'jrﬂ?:?f:< R, DI, Lo 7‘:2{%@%% 2. Unpleasant sounds that are too loud or

%ijl‘/ﬁ LN ET R, ﬁo)[iﬁ] NIZIESEE R undesirable are called noise. There are

f £ jﬁ}&@{fﬁ N FT, various types of noise and vibration
sources.

15] N E% j@é% %%ﬁ% a%i&ji e 3. For example, traffic noise and

HYFEF, construction noise are generated outside.

@Vq ;‘rj:%s ﬁﬁ 0)4[3@0)% £ % L?-%fia 4, The sounds and voices from neighboring

T aLREm ”%ga) et 7L EnbHn 4, rooms and the sounds of machinery such

as air conditioners are also noise.

ok jé.‘é XHED F'Eﬁé% < T+ kb It is fair to assume that people would

12, prefer not to hear such sounds.

s ﬁﬁ foc 75 ]\o < < BD% Bﬁ iz, 6. To prevent noise, various
E$ %?:f L7y H "z n.F 7‘_%‘72 - countermeasures can be employed such as
LE z %KE@ EP HBHWN i%i{$@iﬁf% installing sound insulation in the room,
%’5: % z%.’)z %7})3&; )03 increasing the thickness of walls,

changing the material of walls, and

constructing a double wall.
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) BLPAE LI

7. kol LT‘J&@?@%% 5% % % F7, 7. In these ways, a comfortable acoustic

environment can be maintained.
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In this lecture, we have discussed the
the

the visual environment,

thermal environment, aerial
environment,
and the acoustic environment.

Specific design approaches include air
conditioning design for the thermal and
air environments, and lighting design for
the visual environment.

Moreover, in another area, design of the
water supply and drainage systems for
the building is also necessary; this is

supply and drainage

called water
planning.

Another consideration is that heat, air,
and light continuously change over time,
and strongly affect the environment
around a person; however, in the
restroom, water is used not continuously,
but rather intermittently as needed.

engineering must

Building services

account for such factors.
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It is said the acoustic design for the
leaving aside building services acoustical
environment, and it is thought
engineering.

In the case of the building which hears
good sound like halls, it is not thought
about shape or sound absorption material
listening to a good sound by a plan stage.
On the other hand, of a thing thought
about sound absorption material and the
sound insulation characteristics in the
general building, it is rare that I measure
neighboring sound environment and
design it.

the  sound

Therefore, there 18

environment as environment of the
human being circumference, but does not
treat it in building services engineering.

In your study of architectural
environmental engineering, you will learn

about the topics we have discussed today.
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