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Abstract

Finished condition of concrete surface is an important factor for architectural concrete. Therefore, the

purpose of this study, it is to construct evaluation index and method of uneven color on concrete. This paper
clarified effect of testing conditions on sensory evaluation of uneven color. As a result, the sensory scale

was shown to symmetry to physical quantity of multiple linear regression analysis.
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Photo.1. Example of uneven color on concrete
that is targeted in this study
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Table 1. Outline of sensory test

Test 1 | TestII | TestIll | TestlV
Sensory test method Method of successive categories
“Uneven color of a shown sample”
Estimation categories (DTrace @Slight (@Noticeable
@®Much  ®Very Much
Test period 2013.9 ~2014.2
Panelist Adult males 7 persons, _females 2 persons
(Age : 22 ~ 38, Eyesight : 1.0 ~ 1.5)
Test condition It is shown in Fig.3.
Viewing 285 ©
angle [° ] 5.70 O
11.40 O O O O
Color 3000 O
temperature | 5000 O
oflight [K] 6500 | O ©) @) @)
Illuminance 400 © © © ©
[Ix] 800 O
1600 O
Sample It is shown in Fig.5.
. 150150, 250X 250,
Size [mm] 350X 350 250X250
S.D. of luminance 10.0, 12.5, 15.0, 20.0
110 O
130 O
e 150 | O o @ o
uminance
170 O
190 O
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Table 2. Sensory test factors and levels

[N Test [ Test I TestIIl
(1 ) @' a-" o 0) ity ngt l\ & Ii -j- *E ﬁ 0) . Sample Condition N Sample Condition . Sample Condition
gag__ (@E I ) th S*L|Ay*2[SD*3| Q%4 | T*5 | [ *6 O, S*1|Ay*2[SD*3| @%4 | T*5 | [*6 (&b S*L|Av*2|SD*3| Q%4 | T*S | [ %6
= 1] [10.0] [37] 10.0 73] [10.0]
A T ClE, BRI K> T 5o % % 2.85 % —gg 3000 % %(5) 400
L 3 3 - | 4] 20.0] 140 | 20.0 176 | 20.0]
TODHEFRRERN R D 2 4 40 200 || |[76] 200] -
c oy = . . . L5 tis0] [0 450l 09 77 hso| 190
MEZHNDTH, Figl ITR-T L5 xRS0 2| 2 Jso0) |3 x 15012211 40/6s00] s00
CREH A X3 L OEEEEIC Lo T g”" 200 31150 200 gm 200
] 5 . )
TEBEMELERE L, 285 , |10 | |2 o] | |2s 2 |l
JE 6 . y & 5 ’ T m 11.40 ? 15.0 6500 g ﬁ 1600
5.70° BELON1.40° O3KHEL L. |12 120.0) 48| 20.0 84| [20.0
113 | 10.0| 149 | 10.0
ZHUC KV EE DB, Table  [14] 12.5] ) s Ed 1250 000 TestlV
. 115 | 115.0 |51 | 15.0 N Sample Condition
3T EBYTHS. 16| 20.0 [52] 20.0 O [s*1]av*2lsp®| g+ | T*5 | Lro
17 10.0 53 10.0 85 10.0
= S sy E=250| o =250 o el
2) BLLoORBEBICRITTHERED % x 150% 5.70 6500| 400 % x 150%11.405000 400 g—g 110%
BEREOEE (BRED) 207|200 2 T R N A 120.0
. 121 | 110.0| 157 | 10.0 189 | 110.0|
AN TIE, HHROKEGEEDOHE |2 23, 4 |58 25 oo 12 [ 150023
23 15.0 59 15.0 91 15.0
EIC L DR IR QD&M R (4] | Pog [0 | 200 [92] | oo
PN Y . _ 125 | 110.0| 161 10.0 193 1,50/ 110.0
CAS AR NN e TRV Y S s 26 12515 85 162 H2:5) 3000 45 15012:311 1 40[6500] 400
. 127 | 115.0] ™ 163 | 15.0 195 | 11501
{LER & L, 3000K, 5000K } LY [28] 20.0 (64 ] 200 [961>°°] 0.0
w s 3 129 | 110.0 165 | 10.0 197 | 110.0|
6500K DA 3 AKHEL L7z, 3703>5<0 125 .o 6763>5<0 12.5 sooo |[98] {50023
31 15.0, > 67 15.0 99 15.0
Q) BOCOLDRBICREFITRBED 52 Lo (63> [200) [100) 20.0)
33 10.0 69 10.0 101 10.0
B8 BED e e O I i e O
o -5 135 | 5.0 171 15. 1103] 115.0]
MRAEN T, BAABIOENICE 36 20.0 7 200 104 200
*1 : Sample size [mm]  *2 : Average of luminance  *3 : Standard deviation of luminance
\ i
WT jll/:fm F: j- 7 E»q i ;E 2%—3— BE *4 : Viewing angle [* ] *5 : Color temperature of light [K]

g A el D w S AT TR SR N3
A 4001x, 8001x 35 1 OV 16001x & 72 5 Er
3KHEL LTz,

@) BOLDOREICRIFTEFHRAEDOFE

(REN)

MRAIV T, MREga cikashsar 7y
— NEREOETHOFEIZ L - TOHEFA 2 FIZ 0N
BIpDZ ENBZLND T2, EDO IR,
SR & D)2 2R EIA & L, 110, 130, 150,
170 BLN190 D 5 k#EL L=,

3.2 BT HARESLUBREFE

T HREE, a7 ) — FEROGT LD

FEEEICB T 278 A R T “e Ol E” L L

BRETHEL, iMEREOH L 9w HMENRED
RAHEHw 9L DL L, 5 BEFEOHMH D 912
K DRIl & Lz,
3.3 REIIRE

AR A Fig2 \Ond. BReRAR, HEREE
RRBREE L & OARTEER 2 MAPERT 5729
2, BNICERE LZEECHEE L. ol WT

BEToD

[}
8 U Evaluation
é View a.ngle<o point
:
k— Distance ———>

Fig.1. Relationship between sample size and viewing angle
in the evaluation distance

Table 3. Evaluation distance of sensory test

Sample size View angle [* ]

[mm] 2.85 5.70 11.40

150 X 150 3.00m 1.50m 0.75m

250X250 5.00m 2.50m 1.25m

350X 350 7.00m 3.50m 1.75m

Black-out curtain
il il
N
Y 9 Y Y N 9
Sample Shade Fluorescent light é
N §
5 o
] Evaluation distance : 0.75~7.00m =
----------------------------------------- on
g 2
EE g
=8 Panelist S
20 ~
s -
P C

‘ Room width:7,500mm

Fig.2. Sensory test condition
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Fig.3. Relationship between standard deviation of luminance

and sensory scale of difference test sample

Standard deviation of luminance

Av. L*!|Size*?| dpi*3 10.0 15.0
2.010° — — — —
10tk 709 X 709pixel | 709X 709pixel | | 709 % 709pixel | | 709X 709pixel |
: Av 1100 [ Av 11()6 Av 110.0 Av 109.8
110 1010°}k SD 1012 | | SD 12.4 | | SD 15.12 | | SD 20.16 |
5010'F 1 11 1 - 1
250 L J
0.0
— X 72
250 2.010° — ————— — —
1510°| 709><709p1xe1 709 X 709pixel | 709X 709pixel 1 | 709 X 709pixel 1
3 Av 1300 1 [ Av 1306 1 Av 1300 Av 1298
130 1.010°F SD 10.12 | | sD 12.49 I | | SD 15.1 | | SD 20.17 |
5010° R 3 1 3 1 3 1
0.0 L L _l_l_‘»‘
2.0 10° p——r— —— — —
| 709%709pixel 709 X 709pixel 709X 709pixel 709X 709pixel
150 L3107 Ay 1510 A [ Av 149.6 1 | [Avisio A [ Av 150.8 A
% 120 1.0 10°F SD 10.12 | | SD 12.49 | | SD 15.13 | | SD 20.17 |
150 5.010°F 11 F 11 . 1 - . 1
= 00 ‘
=
= 5
8 2010 ——————— — — —
—_— 5| 709X 709pixel 709 X 709pixel 709 X 709pixel 709 X 709pixel
S 1.510°fF 1 3 g 1 - 1
250 = Av 150.0 Av 150.6 Av 150.0 Av 149.8
150 % 72 | & 10105} SD 1012 | | sD 12.49 | SD 15.13 | | SD 20.17 |
250 é’ 5010t 11 F 11 . . - . .
“g 0.0 : ‘
e S
&£ 2.010° ——————— — — —
5| 710X 710pixel 710X 710pixel 710X 710pixel 710X 710pixel
1.510°} 1 3 g 1 - 1
350 : Av 151.0 Av 149.6 Av 151.0 Av 150.8
X | 515 1.010°F SD 10.12 | | sD 12.49 | SD 15.12 J | SD 20.17 |
350 5.010'f 11 F 11 . . - . .
0.0 ‘ ‘
2.0 10° ——— —— — ——
L5 10°]. 709 709pixel | 709 X 709pixel 709X 709pixel 709X 709pixel
: Av 170.0 [ Av 170.6 1 [ Av 170.0 1 [ Av 179.8 1
170 1.010°F SD 10.12 | | sD 12.49 | | SD 15.13 | | SD 20.17 |
5010'F 1 + i 11 F . 1 - . 1
0.0
1250
X 72 2.0 10’ p——————— — — —
250 L5 10° | 709 709pixel | | 709X 709pixel | | 709X 709pixel | | 709X 709pixel |
: Av 190.0 Av 190.6 Av 190.0 Av 189.8
1.010°F SD 10.12 | | SD 12.49 | | SD 15.13 | | SD 20.17 |
190 4 .
5010°H g 3 E 3 g 3 E
0.0

0 31 63 95127159191223255

0 31 63 95127159191223255

0 31 63 94127159191223255

Luminance class interval

0 31 63 95127159191223255

*1 : Average of luminance

*2

Sample size [mm]

*3 : dots per inch

Fig.4. Histogram of concrete used in a sample
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Table 4. Result of an analysis of variance

Variance ratio Contribution ratio

Main effect 49.5%* 79.1%
Difference of panelist 30.7%* 4.4%
** . Significant level of 1%
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Fig.5. Relations of scale value between sample size
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Fig.10. Relationship between standard deviation of luminance
and scale value
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Table 5. Result of a multiple linear regression analysis

Explanatory Partial . . Determination .
. regression t-ratio . F-ratio
variable . coefficient
coefficient
Standard deviation 20892 | -12.05%*
of luminance [a] ) )
log(a) 19.036 | 17.66**
Viewing angle [b] 0.068 7.04%* 0.97 795.74%*
Average of 20,030 | -12.75%*
luminance [c] ) )
Constant term -30.404 | -16.69**

** . Significant level of 1%
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Fig.11. Relationship between physical quantity and scale value
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