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Chronobiology, Circadian Rhythm and Building Design (X-Ray)

“Chronobiology” LJuransianuyineaiudanen1silasunlasweanssuiunsilunuedty
MUY AaudsEAUINlUILgna N3INAuATgare Jamazsaudu (circadian rhythm) &4
I3 d‘ a ada 1Y) Pt a ¢ [1][2] a . .
Junswdsuudadudaditinluseu 24 Tilusiilanvyuseuniseriing lneseazidenved circadian

rhythm dulagnuanuasluienas "alan159anwuUIAITENILUSNITEUANLATENTNKINGEN AUY
vy’

gll‘ﬁ 2 nalnves Circadian Rhythmm

1
Wirz-Justice, A., & Fournier, C. (bowo). Light, Health, and Wellbeing: Implication from chronobiology for architectural design.
Design & Health Scientific Review , €&-c&.

2 a o rs . . o s
ATEINUNGY, . (boee). Chronobiology and Chronotherapeutics. a5LNTUAIENT , D-ev.

3
Wirz-Justice, A., & Fournier, C. (boeo). Light, Health, and Wellbeing: Implication from chronobiology for architectural design.
Design & Health Scientific Review , e&-e.
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Noon
12:00

High alertness
10:00

Highest testosterone secretion
09:00

Bowel movement likely08:30

Best coordination
14:30

Fastest reaction time
15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30,

and muscle strength
17:00

Sharpest rise

in blood pressure06:45y]
06:00 n 7 - 7 18:00

18:30Highest blood pressure

19:00 Highest body temperature
Lowest body temperature 04:30

1:00 Melatonin secretion starts

02:00

Deepest sleep 2:30

00:00 Bowel movements suppressed
Midnight

YR

P 1 Y] s a § U . . [4]
E‘U‘VI 3 91380 24 ‘U’JISN“UENQJHUEI NFUNUSAU Circadian Rhythm

v
UV adaa L 'rLEJon

HaINMsAnERng dauseasuidu douwusihduniseesnwuunnunsaditade ol

= pslduassssuriaiennuaindduununiedideds wazmslid i aduitieu awnse
Fiudaandeunisuenemswinfiavanansavild Wesn wnundeditade duiides g
menmilazdesiinmsoonuuuliuiumn edeafusdlilisilvagaaundoumeusnunun

= uaedi (wasiifinnnueneduuasszana 480 unluuns) duiludsddydanisnsesdu
Melanopsin (wad3utasiiegluaam - Retina) vilduysdiianisiuda liiwmanmauey
desnnuasdihiidvinarenissziunsvdsans melatonin uazds nszdunisinnuvesszuy
siwldvia (neuroendoctrine) wazszuuUseam (neurobiological) vesuywdlivhannduunf

a v [5] 4 = & ] ) a a
NMIY ‘ZNLLﬁQﬁﬁ’ﬁﬁ]%L‘ﬁuﬁ’l‘u%uﬂ‘l@ﬂLLﬁﬂﬁiﬁﬂJ%’]@%Wﬂﬂ’N@Tﬂ@é

‘ Mrabet, Y. (boee, October o). All for a good night’s sleep! Retrieved June bl, boe&, from Consciousness Energetics Blog:
http://imaginalhealth.com/blog/category/sleep/

’ Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North

America , a-bb.
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10°* m4 e Lo.z 1 10? 104
~ _ Wavelength (meters)

Visible Light ~ o

~

400 500 600 700
Wavelength (nanometers)

;J‘Uﬁ 4 Spectrum Yottty (Visible Light) .

200

150

Relative Energy
8

400

Wavelength (Nanometers)

;.:' 1 1 1 [7]
U1 5 Spectra 31nvaenlndosainausenneing

6

Laurent, M. C.,, & Spengler, J. D. (voae, March ). Lighting and Health. Cambridge, Massachusetts, United States.
7

Laurent, M. C., & Spengler, J. D. (voae, March &). Lighting and Health. Cambridge, Massachusetts, United States.
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Daylight Incandescent Fluorescent
100 = 100+
B0 &0+
£ £ 60 Z 60+
[= [= =
] 2 z
£ E 404 E 40+
20+ 204
0 t T yh
400 500 600 700 200 400 700 400 00 00 FO0
wavelength [nm) wovelength [nm) wowvelength [nm)
Halogen Cool White LED Warm White LED
100 - 100 5
B0 B -
e ) e
G A0 5 404 T
(= = =
[T O O
E 404 E 40+ £
20+ 0+
0 0-
400 500 600 400 500 00 00
wavelength (nm) wavelength [mm) wavelengih [nm)

{ 1 1 1 [8]
JUN 6 Spectra 31nvaenlndosaIaUseLnNene

Vertical Illuminance [lux]

3
400 - Kruitoff Color E
=
350 - &
300 - Uncomfortably Cool é
250 A .42)
200 - 2
150 '§
-100% ;
100 A 9
50 - F75% &
-25% é
2500k 4100K 5000k 6500k 10,000k =

SASFI ISF2 SWSDSS SE SD65 SD75

Approximate Source Color Temperature [K]

'
a0

{ Y a A o [9]
5UN 7 wavasiasnineliinnishusluiywd

= Tunslduasusshivg (artificial lighiting) Aelunisasnqussenniandaasy circadian rhythm
neluenans Bslasdrulugazidunisiiuasainanielueinis vaweuSuiuuasainaield

8
Laurent, M. C., & Spengler, J. D. (voee, March ). Lighting and Health. Cambridge, Massachusetts, United States.

9

Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.
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pEgnRauasssIunty aradunafiuaisslunisianubuvesszuuliveniauasiiia
Usunanslimdsaulueinis Tnsgeeniuuamnsaiden Tivaenlniniisiuaeitignvniia
g9%u (Huuasdihunniu) andumsnsedu crcadian rhythm veslForasTaglisiduses
Wiuaudauas (umination intensity) vosasalnil wildiansananumanzaudiiuans
Tu 3Ufl 7 Wosnuasiigumgidgstuazannsnasrsarldaueaild (uncomfortably cool)
wagmsmilsiefuivesduassivslunnunisdideds MvaziBoaiiseylu "ated 7
nuszudmnssuliiuazdoans” Duddy
msszsinsridunisldonu nszandeudludealnerns (tinted windows) lasiawizegnads
nszandevdvuFeding esnnszandondtl aanisdassinu pduuasiiiiuluuaseding g
Hueduuasdrdgylunisaiannuiuives circadian rhythm Tusywd
uenantumsiuiivanmuaswesausineiety Jusgiuamnuiudsunlamesaninginioves
Auludesande nud1 nszanavesdigeangasiiaiiudsuly Tasandufindeadiuunniy &
nszane A dudindosn: ananusansageuLasdnn (Lasfiveaiiuld Aflnuemn
pAuuasdy) fafinandlilu sUdl 8 uazdgeengasfisgniwaeaiianunsaiuiauasadndld
anas Megudu nauiieg1adeny o1e 60 U fuannsoveadivluaninuasiiinainuaen
Iwiwiglewsaioy (F11 4000 K) finuadng 1,415 lux isuwiriugiidleny 22 U weawiudi
ALEINs 1,000 Lux Wugu™
sosneluoinns AilAvesiands vde Wu vide Hmanu fvhliusssniavesiosun sy
dun9 (predominantly red or red-shifted finishes) azvinldnsnansauszansninveslu
#9467914 (the circadian efficacy of the light sources) ﬁﬁﬁuaqu circadian rhythm ﬁu
anasdanualy Inslameiuiifidnidnananddonaimsdavinsnndanadounouen

10 Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the llluminating Engineering Society of North
America , e-bb.

" Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the Illuminating Engineering Society of North
America , e-bb.

1 Amundadéttir, M. L., Lockley, S. W., & Andersen, M. (soeem). Simulation-based evaluation of non-visual responses to daylight:
Proof-of-concept study of healthcare re-design. Building Simulation boem (pp. bealéw-ba/se). Chambéry, France: International
Building Performance Simulation Association.

v Pechacek, C. S., Andersen, M., & Lockley, S. W. (boow). Preliminary Method for Prospective Analysis of the Circadian Efficacy
of (Day)Light with the Applications to Healthcare Architecture. The Journal of the llluminating Engineering Society of North

America , e-bb.
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o
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Wavelength [nm]
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. Amundadottir, M. L., Lockley, S. W., & Andersen, M. (2013). Simulation-based evaluation of non-visual
responses to daylight: Proof-of-concept study of healthcare re-design. Building Simulation 2013 (pp. 2757-

2764). Chambéry, France: International Building Performance Simulation Association.
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7. uszuvIaInssulWiwazdaans

7.1 szuulnduaeddng
VTN

Tfluasaing vunefuasainsiiinaindsseAng uasssivg (Artificial lght) éun uasadng
31nnasabnynyin maamuLL?NﬁLﬁmmﬂ?aﬁwwéﬂszﬁwjﬁu WU uasINraen ligaslsaud
(Fluorescent light) waainviaenueads (LED) iJusu isliiuasaindddluenas Wilanuaiiafisme
wanzaufuituildon sadsdnsuldlunsily Huluanunszswlygfniuaueins wazauiny
Inuasainauisuszimalng
IUALIYn

nsdesainemslulsmeualudiuvenunisd@itedy uiariuiidnsiiuaiiunnsetu vaend
wangaw Aeviaongaluififigamnid 4000"" ssmnaaiu mneliuasdunsooninge Famngdmiu
nsmsaRsnuiialy
waenldmsdunaeniimiloutunun ™ WelilhAanisnasnauiosanuasildmilousuves
vaosluusaziu uazAduiinugniesesdmslaitiosndi 0.80
nsliuasainemelunsunds@idaduussneuseeisiolul
gl 1 ﬁuﬁu‘%mimwﬂﬁém%’uﬂﬂaaLLaz/wga;:Im%'w‘%mi laun
" iN5e
= Fuveddddudy WasuyadSuusns
" FUINSUUINT
dudl 2: fufiufoRnundnveaununlaeglifuiniwes viadming ¥
" amelew/ SU-dienans
" e n$ed X-Ray — vl
" 019nIWS9E X-Ray —Fluoroscopy
®  Bone density Scan (Central DXA)
" Mammography — Mammogram
®  Sonography — Ultrasound
®  Computed Tomography (CT)
®  Magnetic Resonance Imaging (MRI)
®  Angiography/_Digital Subtraction Angiography; DSA — Cath. Lab
" EReUANIUSE
" AsWlan/ Runiau
" guaL/ 8uNa
" ANy
" UIUTILAYN
" Uiz
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