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Art Conservation

WORKS OF ART ON PAPER: AVERAGE Basis of analysis: oil paintings with 200 lux sensitivity.
ILLUMINANGE

Worke on paper with colored media

sy media on & dearaded support . Typically, we would design for cumulative annual exposure (lux-hrs/yr).

Color photo prints and transparencies

200 lux x 3000 hours = 600,000 lux-hrs

Worke on paper with black and white media only
. 100
Black and white photographs 300 lux x 2000 hours = 600,000 lux-hrs

TEXTILES:

All textiles (costumes, tapestries, sta) S0 ux

PAINTINGS: Client’s museography team requested that exposure be represented as average
il and tempera paintings 200 lux annual illuminance.

Thinly covered paintings on unprimed canvas

501 . . . . .
Paintings in distemper media or gouache, miniatures Hx This both Slmpllfled and compllcated the ana|VS|S.
OBJECTS: Depending on the museum’s open hours, the average illuminances
_ —— can change significantly.
Objects with painted, dyed or polychromed surfaces
Upholstered furnitures 50w

Original assumption museum open 9a-6p 4 days/wk, 9a-10p 2 days/wk
~ 3250 hours annually

nstable glass

2 months ago, told open “10a-10p’
~ 4400 hours annually

12 International Radiance Conference happold lighting 7



Apertures Under Study
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Master Glazing Schedule

Aperture ID Glass Glass Rel:()j(;mt'e . Diffusing Screening
Type VLT . : ion | Mashrabiya Shade Shade Aperture ID Glass Glass Dome Diffusing | Screening
G2G01G1 GL-2A 5% ; c1;r — L Tee VT ReFdUCtlon Mashrabiya shade Shade
° : N actor
G2G01R1 GLR2 0% 5 N a2% 29% G2GAAG1 GL2 0% e vt LT
G2G03G1 GL-3 60% 3.6% " 42% 29% G2G44R1 CLRIA co% > '3; N 42% 29%
. (=] o] .
G2G03G2 GL3 60% 12.5% v 42% 29% 62G5061 GL-2 50% B 9; k 42% 29% Screen Shade
G2G05G1 GL3 60% 13.6% Y a2% 29% G2G49G1 G2 0% T N 42% 29%
. (=]
G2G05G2 - r 17% 29% G2G49R1 " =7 N 42% 29% Product:
GL-3 60% 58.5% Y 5 GL-2 60% 1.7% N - _
G2GOGR1 GLR1 60% 95 1% 17% 29% G2GC13G1 GL2A = E%D 42% 29% Architen Landrell I
. (¢] .
6260761 GL-3 50% 100 0; h 8% 29% G2GC13G2 GL-2 60% 4'1f’ N 42% 29% Soltis 86 i
. ¢}
6260762 GL3 0% T Y 17% 29% G2G4561 GL3 0% 2 N 42% 29% I
G2G0BG1 ] o — 0; ¥ 17% 29% G2G45G2 GL-3 60“/u 4.3% Y 42% 9% Performance: i
& 0% N 17% g _ o 7.6% v S 10% OF
G2G09G1 - d 29% G2G 42% 29% 1
GL-5A 5% 12.4% N 42% 7 45G3 GL-3 60% 4.8% Y 1% - 15-209% VLT i
G2G10G1 GL-3 60% 99.9% 29% 5264661 GL-2 60% - 2% 29%
G2G10G2 - - — Y 17% 29% . 5.2% N 42% 79% i
GL-3 60% 100.0% v - G2647G1 GL-3 60% 75.2% i
G2G11G1 : : 17% 29% 2% Y 17% 29%
GL-1 60% 100.0% N G2G47G2 GL-3 650% 7 1%
G2G12G1 ; > — 17% 29% 2% ¥ 42% 29%
GL-1 60% 100.0% N - G2628G1 GL-3 60% 100.0%
G2G12G2 GL-2 60% 11.2% N 17o/° 29% G2G28G3 GL-3 60% 97 ,lq_n/o ! 17% 29% Translucent Shade
G2G12R1 GLR2 60% oo 42% 23% G2G29G2 GL1 60% 00 > ! 17% 29%
G2G13G1 B ” — N 42% 29% G2 0% Y 17% 29% Product:
GL-3 60% 3.4% v - 500561 GL-1 60% 100.0% i
G2G13G2 GL3 0% o A2% 29% G2G30G1 GL-1 B0% — N 17% 29% Architen Landrell I
6261561 o3 oo == Y 42% 29% 263101 GL1 o 100.0% N 7% 9% ATEX 2000 ]
G2G16G1 _ ekl Y 17% 9% G ° 100.0% N 17% 29% |
GL-1 60% 5 2G33G2 GL-3 650%
o 70.2% N 17% 29% o 99.6% Y 17% P Performance: i
G2G16G2 GL-1 50% 3% % G2G32R1 GL-R1 60% 100.0% 29% 0% OF i
G2GC03G1 G2 0% = N 42% 29% G2GC06G1 oL - 0% N 13% 9% 6 i
o 6.8% N 429% 3 ~ 60% 100.0% N P 3-42% VLT |
G2G1861 GL-3 60% 95.5% - 29% G2G34R1 GL-R1 50% T00.05 17% 29% i
G2G18G2 - o Y 17% 29% G - 00.0% N 13% 29% |
GL-3 60% 92.2% v - 2G36G1 GL-3 650% 100.0% v
. . o,
6261961 GL-1 60% 26 9% . 17% 29% 6263662 GL-3 60% = o 17% 29% Blackout
6262061 GL1 60% T00.0% N 17% 29% G2G35G1 GL-1 60% 00 0; ! 17% 29%
U ) o .
6262161 I 0% T - 17% 29% G2G37R1 GLRI 60% 00 070 L 17% 29% Product:
. o, .
G2621G2 GL-1 60% 100.0% 17% 29% G2G38G1 GL-3 B0% : N 13% 29% Mermet PO 11891
0% N 7% - 6 100.0% v 3
G2G21G3 L1 60% 100.0% 29% G26G38G2 GL3 60% 29 95 17% 29%
G2G21G4 GL-1A 60% 100'0; N 17% 29% 52G40G1 GL3 50% : : Y 17% 29% Performance:
G2G22G2 GL-1 60% 100'0; N 17% 29% G2GC09G1 GL-2 60; 100'2“’ Y 17% 29% 0% OF
62623G1 GL-1 60% 100.0; N 17% 29% G2GC10G1 GL5 Sn/n 9'0/: N 17% 799, 0% VLT
G2G24G1 GL-3 60% 100'0; L 17% 29% G2G41G2 GL-1 50; ;g'zf N 17% 29%
. (]
G2G26G1 GL-1 60% 100 Uﬂ/n - 17% 29% G2G42G1 GL1 c0% 0 'Zf N 17% 29%
G2G27G1 - > — N 17% 29% G2G 0.0% N 17% 29%
GL1 60% 100.0% C08G1 GL-1 50% 3
0% N 17% 20% o 80.7% N 17% 29% FIGUNE 5 4 - SHADING FABRIC TYPES
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Aperture Shading Schedules

bldg_62 G2G32R1 @EE

Fie Edit View Window Help

Louvre Abu Dhabi bldg_62_G2G32R1

~

21 June, 16:00 Buro Happold Lighting

CCiC

Denoctes Location (relative

to Bage Building ID) and

Aperture being studied.

Date and Time Stamp

forthe image in thiz frame.
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Mashrabiya Shading Impact
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Dome Shading Impact

12 International Radiance Conference happold lighting 7



12 International Radiance Conference happold lighting 7



Dome Shading Impact - View Setup w/ Rhino + Grasshopper
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Calculation Process

Apertures that potentially contribute to a Gallery’s annual illuminance were

identified.
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Calculation Process

Daylight coefficients for each aperture were calculated for each surface under

Apertures that potentially contribute to a Gallery’s annual illuminance were
study (4 walls + floor).

identified.
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Calculation Process

Sun blocking shade, diffuse transmission (radiance trans material)

Daylight coefficients for each aperture were calculated for each surface under
Unshaded condition, clear glazing (radiance glass material)

Apertures that potentially contribute to a Gallery’s annual illuminance were
study (4 walls + floor).

identified.
For each aperture, two sets of daylight coefficients were calculated:
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Calculation Process

Sun blocking shade, diffuse transmission (radiance trans material)

Daylight coefficients for each aperture were calculated for each surface under
Unshaded condition, clear glazing (radiance glass material)

Apertures that potentially contribute to a Gallery’s annual illuminance were
For each aperture, two sets of daylight coefficients were calculated:

NV".
. 5., &
5 5
oS3 Bzt §
g £z Sonw B
Vot Jlas i s by s a0 g
TWEPLAHA A | R — I
YT — - B— - (] A —(£82929) (108020
Yy 54 | e S
wss.

|

(G2G34-R1)

2G32-R1)

G

{

(62G35-G1 ) .

ﬁm
R0
BB

| G2G29-G2 ) Il

7

Il

(G2GC06-G1

nappoldlighting 7

12t International Radiance Conference




Gallery Groupings
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Typical DC Script

1 #!/bin/ksh

2 ncpu=7

3 gal=gl3

4 DIMS=360

5

6 for window 1n 62 G2G32R1 62 G2G33G2 60 G2629G2 63 G2G34R1 60 G2G2BGl 60 G2628G3 64 G2G35Gl 62 G2GCA6G1
7 do

8 for ver 1n clr trans

9 do

16

11 oconv compiled ${gal} b%${window} ${ver}.rad skies/whitesky.rad > oct/annuals/${gal} b%{window} ${ver} whitesky.oct
12

13 #for view in g62 floorfish

14 #do

15 # echo

16 # date

17 # echo Start ${window} %${view}

18 # time vwrays -ff -x $DIMS -y $DIMS -vf views/${view}.vf |rcontrib -i -fo @rtc.opt -n 7 -ab 3 -ffc $(vwrays -d -x $DIMS -y

$DIMS -vf views/${view}.vf) -e MF:2 -f reinhart.cal -b rbin -bn 578 -o pic/patches/${gal} b${window} ${ver} ${view} p%03d.hdr -m
sky glow -w oct/annuals/${gal} b${window} ${ver} whitesky.oct

19 #done

20

21 for wall 1in north south east west floor

22 do

23 date

24 echo Start ${window} ${wall} %{ver}

25 time cat data/${gal} ${wall}.pts | rcontrib -h -I -fo @rtc.opt -n $ncpu -e MF:2 -f reinhart.cal -b rbin -bn 578 -0 data/

patches/${gal} b${window} ${ver} ${wall} p%@3d.dat -m sky glow -w oct/annuals/${gal} b${window} ${ver} whitesky.oct
26 done
27 done
28 done
29 |
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Data Management

Edit Aperture ID

Gallery # g13
Aperture ID 62_G2G32R]1]

Wall east
1 1 05
1 1 15
1 1 25
1 1 3.5
1 1 45
1 1 5.5
1 1 6.5
1 1 75
1 1 85
1 1 95
1 1 105
1 1 115
1 1 125
1 1 13.5
1 1 145
1 1 155
1 1 16.5
1 1 175
1 1 185
1 1 195
1 1 205
1 1 215
1 1 225
1 1 235
1 2 0.5
1 2 15
1 2 25
1 2 3.5
1 2 45
1 2 55

setlp
Sheet

Aperture Specs Referenced from Master File

60.0%

98.0%

VLT of glass
Dome RF

B.0%

15.0%

VLT of diffusing shade
VLT of screening shade

100.0%

100.0%

Mashrabiya RF
MicroeLouver RF

shade-dats
1221-0100
1221-0200
1221-0300
1221-0400
1221-0500
1221-0600
1221-0700
1221-0800
1221-0900
1221-1000
1221-1100
1221-1200
1221-1300
1221-1400
1221-1500
1221-1600
1221-1700
1221-1B800
1221-1900
1221-2000
1221-2100
1221-2200
1221-2300
1221-2400
1221-0100
1221-0200
1221-0300
1221-0400
1221-0500
1221-0600

shade-val

[ T e B e S e B o T e R e T e R e Y e T e Y e e Y Y e B o Y o Y e R o Y e R = R = T = I = T = R = T = R = Y = |

[ R e e B e e R e Y e R e Y e TR e B o R e B e Y = |

0

0

[ T e B e S e Y e TR e B e T e T e Y e TR o Y o R e

[ T R e o Y o Y e Y o Y e e Y e T e Y e Y e B e Y = |

[ QR e B e S o B e Y o Y e T e Y e Y e R o Y e R e B o

[ T R e T Y o Y Y e Y e e Y e T e B e [ e R e Y = |

1]
1]
0
1]
1]
1]
1]
1]
1]
[1]
[1]
1]
1]
0
1]
Agerture Schade Sghedule Lhaded
1]
1]
1]
[1]
[1]
1]
1]
0
1]
1]
1]
1]
1]
[1]

[ R e B e B e B e T e R e TR e Y o Y e R o Y e e R o

0D o0 o000 DODDODOQOQDQDDOQODODQODODQDODOoOooQola

0O oD O DD oD oD Do DD oD e Do DoOoD Do DD oo Do oo ol|lse

[ T e B e S e B e T e I o T e R o Y e T e Y e e Y e Y e o Y o Y o Y e Y e Y o e R e Y e e Y e T e I e Y e R e Y = |

0O oD o000 Q0o D oOD oD oD oD oo Do RO RDoO oo oooQoll

0D o0 o000 DOoODDODOQOQDQDQDOQODDODODQDODOoooQoola
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Annual Average llluminance Analysis — ‘MAX’ Lux Scene

Gallery 13 — East Wall

Gallery 13 — West Wall

Gallery 13 — Floor (+1 m)

Gallery 13 — North Wall

Gallery 13 — South Wall

Average Annual Lux:

Average Monthly Lux: Max Point on Surface

Average Annual Lux:
Average of Surface Max Point on Surface Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
East 85 99 86 96 106
North 71 92 71 93 105
West 81 100 85 86 106
South 108 159 121 135 194
Floor] 163 385 285 338 453

Average Annual llluminance (lux)

160 180 200
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Annual Average llluminance Analysis — ‘MAX’ Lux Scene

Gallery 13 - South Wall

]
L ..
Average Annual llluminance (lux)

0 20 40 60 80 100 120 140 160 180 200
Average Annual Lux: Average Annual Lux: Average Monthly Lux: Max Point on Surface |
Average of Surface Max Point on Surface Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
East 85 99
North 71 92
Waest 81 100
South 108 159
Floor 163 385
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Instantaneous llluminance Analysis

llluminance (lux)

1000

900

800

700

600

500

400

300

200

100 4

Typ Day: Max Month |

Typ Day: Min Month !

May I Jun Jul
Month

== Annual Average
[lluminance {lux)

# Instantaneous
IHluminance {lux)

@® Monthly Average
Illuminance {lux)

700

600 -

500 -

lluminance (lux)
=
(=)
o

(V8]
o
o

200 -

100 -

9.5 105 11.5 1255 135 14.5 15.5 16.5 17.5 18.5 185 20.5 215 22.5

Museum Open Hours

e Month with
Highest Average
Illuminance

w Month with
Lowest Average
Illuminance
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Annual Average llluminance Analysis — ‘MID’ Lux Scene

Gallery 13 — East Wall

Gallery 13 — West Wall

Gallery 13 — Floor (+1 m)

Gallery 13 — North Wall

Gallery 13 — South Wall

Average Annual Lux:

Average of Surface

Average Annual Lux:
Max Point on Surface

Average Monthly Lux: Max Point on Surface

East 37 52
North 29 36
West| 32 41
South 40 58
Floor] 64 134

20

40

Jan Feb Mar Apr
58 50 54
36 35 38
46 34 37
52 51 64
124 126 134

60
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Annual Average llluminance Analysis — ‘MIN’ Lux Scene

Gallery 13 — East Wall Gallery 13 — North Wall

Gallery 13 — West Wall Gallery 13 — South Wall
Average Annual Lux: Average Annual Lux: Average Monthly Lux: Max Point on Surface
Average of Surface Max Point on Surface
East| 18 21
North 15 19
West| 17 24
South 22 33
Floor] 33 76

20 40

Gallery 13 — Floor (+1 m)
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Lessons Learned

3-Phase method would have reduced calculation time.

Finer sky patch subdivision likely reduces error at shade transitions
Scripts are your friend (and sometimes enemy)

Excel macros streamline repeatable tasks and reduce user error
Need a better database tool, Excel has limitations for large data sets.

Grasshopper to parse model information for views/calc points
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