REFERENCES

Markarian, J. (2004). Plastics. Additive and Compounding, 6(5), 46-49.

Wolfgang, R., and Wolfgang, E. (2004). Smart Card Handhook, 3rd Edition, John
Wiley & Sons Ltd., Chapter 5, 40-42

Schaeffer, . R. (2004) UV-Curable Products with Superior Outdoor Durability
Paint & Coating Industry articles, 51-58.

Ito, M., and Nagai, K. (2007) Analysis of degradation mechanism of plasticized PVC
under artificial aging conditions, polymer degradation and stability, 92, 260-
210,

Attwood, J., Philip, M., Hulme, A., and Williams, G. (2006) polymer degradation
and stability, 91 3407e3415.

Wilkes, CE., Summers, J. ., Daniels, ¢. A and Berard, M.T. (2005), PVC
handbook, Carl Hanser Verlag, Munich, 95-100.

Pickett, J.E., and Sargent, J.R. (2009) Sample temperatures during outdoor and
|aboratory weathering exposures, polymer degradation and stability, 94,
189-195,

Mathieu, E., and Laurent J. L. (1996) Comparison of two instruments for accelerated
weathering tests on plasticized PVC. polymer degradation and stability, 51,
17-8L.

Chapra, SR., and Canale, R.p. (2006) Numerical Méthodes for engineers, 5th
Edition, McGraw-Hill., Chapter 17, 440-462.

Bellus, D., Hrdlovic, p., and Manasek, z. (1966) Photoinitiated rearrangements in
poly[2,2-propanebis(4-phenyl carbonate)]. Polymer Letters, 24-28,
Humphrey Jr., J.S., and Roller, R.s. (1995) Flash photochemical studies of diaryl
carbonate ester: mechanism of photo-Fries rearrangement, molecular

photochemistry, 3(35), 114-118,

Flumphrey Jr., J.S., Shultz, AR., and Jaguiss, D.B.G. (1973) Flash photochemical
studies of polycarbonate and related model compounds, photodegradation
V. photo-Fries rearrangement, macromolecule, 6(305), 75-79.

Factor, A., and Chu, M.L. (1980) the role of oxygen in the photo-aging of bisphenol-
A polycarbonate, polymer degradation and stability, 2(203), 52-55.



62

Rivaton, A, Sallet, D., and Lemaire, J. (1983) the photochemistry of bisphenol-A
polycarbonate reconsidered, polymer photochemistry, 3(463), 98-104.

Rivaton, A, Sallet, D., and Lemaire, J. (1986) the photochemistry of bisphenol-A
polycarbonate reconsidered. 2. FTIR analysis of solid-state photo-chemistry
in dry conditions, polymer degradation and stability, 14(1), 116-120.

Pryde, ¢. A (1985) photoaging of polycarbonate: effects of selected variables on
degradation pathway, polymer stabilization and degradation, 329.

Legrand, D.G., and Bendler, J.T. (2000) handhook of polycarbonate science and
technology. Marcel Dekker, Inc, 267-292.

Fried, J.R. (2003) polymer science and technology, 2nd ed. Pearson Education, Inc,
262-282.

Grassie, N., and scott, G. (1985) polymer degradation and stabilization. Cambridge
university press, 17-85.

Maatta, J., Koponen, H. Kuisma, K. R., Kymalainen, H.R., Posonen-Leinonen, E.,

I-Rauva, A, Hurme, K.R., Sjoberg, AM., suvanto, M., and Pakkanen,
T.A. (2007) Effect of plasticizer and surface topography on the
cleanability of plasticized PVC materials. Applied Surface Science, 5003-
5010

Clark, D.T., and Munro, H.s. (1984) Surface and bulk aspects of the natural and
artificial photo-ageing of Bisphenol A polycarhonate as revealed by ESCA
and difference u v spectroscopy, polymer degradation and stability, s(4),
195-211.

Rivaton, A., Mailhot, B., Soulestin, J., Varghese, H. and Gardette J.L. (2002)
Comparison of the photochemical and thermal degradation of bisphenol-A
polycarbonate  and  trimethylcyclohexane-polycarbonate.  Polymer
Degradation and Stability, 75, 17-33.

Rivaton, A. (1995) recent advances in bisphenol-A polycarbonate photodegradation.
polymer degradation and stability, 49(1), 163-179

Sinnamon, B.F., Dluhy, R.A., and Barnes, G.T. (1999) Reflection-absorption FT-IR
spectroscopy  of vinyl octadecanoate at the air/water interface.
Physicochemical and Engineering Aspects, 156, 215-222



63

Gilat, A. (2005) MATLAB an introduction with applications, John Wiley & Sons,
Inc, 1-326.

Brian, D.H., and Valentine, D.T.,, (2007) Essential MATLAB for engineer and
scientist, Oxford, Inc, 1-42



APPENDICES
Appendix A Data of mechanical properties of plastic cards

Table AL Young’s modulus of plastic cards before exposure

. Sample The average Young’s modulus (MPa)
Condition—\ mber~—~ PVC PETG PC
1 1498.00 1066.00 1131.00
2 145,00 1154,00 1150.00
Non exposure 3 1232.00 1076.00 . 1096.00
4 1203.00 1024.00. . 1246.00
5 1273.00 1003.00 1299.00
Average 1330.20 1064.60 1184.40
D 13269 58.24 . 84.82

Table A2 Young’s modulus of plastic cards after exposure in QUV accelerated
weathering tester

. Sample The average Young’s modulus (MPa)
Condtion —imber Py PETG PC
1 1176.00 1458 1131.00
2 1139.00 1531 1150.00
QUV Lcycle 3 1073.00 1285 1096.00
4 1119.00 1353 1246.00
d 1179.00 1382 1299.00
Average 1137.20 1401.8 1495.60

D 43.90 95.22 63.12
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Table A2 Young’s modulus of plastic cards after exposure in QUV accelerated

weathering tester (continue)

Condition

QUV 3 cycles

Average
SD

QUV 6 cycles

Average
SD

QUV 9 cycles

Average
SD

Sample
Number

1

g1 B O N e o1 B o PO

Ol B w0 N

The average Young’s modulus (MPa)

PVC

1030.00
1099.00
1259.00
1279.00
1056.00
1330.20
132.69
1379.00
1219.00
1263.00
1332.00
1358.00
1330.20
132.69
1492.00
1329.00
1279.00
1275.00
1305.00
1330.20
132.69

PETG

1046
1157.00
1139.00
1123.00
1090.00
1144.60

116.42
1114.00
1123.00
1170.00
1210.00
1099.00
1310.20

67.15
1216.00
1223.00
1149.00
1199.00
1219.00
1336.00

89.88

PC

1542
1461
1521
1552
1402
1111.00
43.90
1150.00
1109.00
1147.00
1051.00
1008.00
1143.20
45.81
1269.00
1284.00
1395.00
1165.00
1275.00
1201.20
30.58
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Table A2 Young’s modulus of plastic cards after exposure in QUV accelerated

weathering tester (continue)

Condition

QUV 12 cycles

Average
SD

QUV 15 cycles

Average
SD

Table A3 Young’: modulus of plastic cards after outdoor exposure

Condition

Outdoor 1 month

Sample
Number

1

o1 B Lo PO

(3 2 N~ SR RN

Sample
Number

1

o1 B oo PO

The average Young’s modulus (MPa)

PVC

1572.00
1293.00
1279.00
1472.00
1353.00
1330.20
132.69
1209
1545
1326
1432
1405
1330.20
132.69

PETG

1259.00
1077.00
1233.00
1336.00
1173.00
1393.80
12531
1180
1103
1107
1129
1219
13834
125.15

PC

1341.00
1343.00
1213.00
1372.00
1209.00
1215.60
97.09
1299.00
1403.00
1108.00
1322.00
1322.00
1159.6
1345

The average Young’s modulus (MPa)

PVC
1269.00
1236.00
1342.00
1206.00
1229.00

PETG
1038.00
1077.00
1097.00
1017.00
1086.00

PC
1260.00
1217.00
1229.00
1190.00
1223.00
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Table A3 Young’s modulus of plastic cards after outdoor exposure (continue)

Condition

Outdoor 2 months

Average
SD

Outdoor 3 months

Average
D

Outdoor 4 months

Average
D

Sample
Number

1

o1l B~ LW PO

(3 2 TN~ SO N RN

(3 2 TN~ FO R NG SN

The average Young’s modulus (MPa)

PVC
1455.00
1561.00
1368.00
1316.00
1594.00
1466.60

120.74
1253.00
1330.00
1438.00
1446.00
1441.00

1381.60

86.69
1142.00

1339.00
1438.00
1411.00
1425.00
1351.00

122.95

PETG

1172.00
1149.00
1253.00
1216.00
1213.00
1200.60
40.67
1104.00
1123.00
924.00
1050.00
1123.00
1064.80
84.19
1083.00
1031.00
967.00
1044.00
914.00
1007.80
67.02

PC

1518.00
1501.00
1267.00
1219.00
1362.00
138140

130.62
1273.00
1007.00
1224.00
1073.00
1312.00
1177.80

131.68
1025.00
1128.00
1327.00
1139.00
1159.00
1155.60

108.95
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Table A3 Young's modulus of plastic cards after outdoor exposure (continue)

. Sample The average Young’s modulus (MPa
Conddn e e ( Pc)
1 1346.00 1050.00 1319.00
) 1329.00 954,00 1243.00
Outdoor 5months 3 1250.00 1003.00 1115.00
4 1466.00 1030.00 1253.00
5 1239.00 941,00 1329.00
Average 1326.00 995.60 1251.80
D 91.32 47.19 85.54
1 1309.00 1070.00 1205.00
) 1033.00 1012.00 1226.00
Outdoor 6 months 3 1156.00 981.00 1068.00
i 1216.00 857.00 1269.00
5 1202.00 929.00 12217.00
Average 1183.20 969.80 1199.00
D 100.69 81.14 76.83

Table A4 Tensile strength of plastic cards before exposure

" Sample The average tensile strength (GPa)

Condiion{nber e PETG PC
1 57.16 54.06 68.46
2 54.63 47,66 7098
Non exposure 3 50.53 49.08 14.23
4 5131 50.68 68.49
5 52.76 52.69 69.33
Average 53.28 50.83 70.30

D 2.67 2.60 242
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Table A5 Tensile strength of plastic cards after exposure in QUV accelerated

weathering tester

Condition

QUV Leycle

Average
SD

QUV 3cycles

Average
SD

QUV 6 cycles

Average
SD

Sample
Number

1

2
3
4
5

S 2 T~ SO NG RN

(3 2 T~ ST G RRTN

The average tensile strength (GPa)

PVC

49,84
49.28
49,01
45.29
49.04
48.49
182
48.20
43.48
49.80
48.54
4401
4761
221
48.05
43.40
45.85
48.18
50.84
41.26
2.19

PETG

65.94
11.54
68.15
62.25
68.25
67.23
342
49.38
49.28
49.94
5141
47,03
4941
158
48.39
43.53
41.90
49.10
45,04
46.79
2.39

PC

55.94
58.88
56.26
57.13
54.81
56.73
159
62.79
62.45
63.66
62.85
63.83
63.12
0.60
62.93
64.86
65.16
66.90
63.99
64.71
148
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Table A5 Tensile strength of plastic cards after exposure in QUV accelerated

weathering tester (continue)

Condition

QUV 9 cycles

Average
D

QUV 12 cycles

Average
D

QUV 15 cycles

Average
D

Sample
Number

1

ol B o N s (3 2 TN~ JCR O

Gl B W N

The average tensile strength (GPa)

PVC

50.75
54.26
50.58
50.58
5101
b144

159
58.76
54.63
54.19
53.13
55.06
55.28
2.09
42.18
48.56
48.09
47,06
50.49
47.28
311

PETG

48.64
45.43
45.35
53.19
52.16
48.95
3.67
46.44
52.26
50.94
52.20
47.61
49.89
2.10
312
48.14
4741
4448
53.19
44.89
8.26

PC

63.86
63.53
64.66
62.99
5891
62.79
2.2
12.35
69.94
61.14
68.09
61.98
66.70
4.9
64.94
66.11
66.41
62.83
69.23
65.90
2.33



Table A6 Tensile strength of plastic cards after outdoor exposure

Condition

Outdoor 1 month

Average
D

Outdoor 2 months

Average
D

Outdoor 3 months

Average
D

Sample
Number

1

2
3
4
5

Tl B O N

(3 2 TS~ STRN NG RN

The average tensile strength (GPa)

PVC

51.80
40.25
42.89
46.65
52.99
46.92
551
45,06
3495
3763
3261
48.03
39.66
6.62
29.89
33.30
38.76
43.33
38.76
36.81
5.2

PETG

5045
49.15
50.83
49.15
53.00
50.52
158
53.89
49.18
35.09
31.30
3941
4331
8.82
31.46
35.80
3245
32.69
33.68
3442
2.16

PC

65.14
61.61
68.69
59.56
65.50
64.10
3.97
69.26
86.13
67.49
69.60
68.79
12.25
1.80
65.30
65.24
63.39
65.90
64.16
64.80
101

[



Table A6 Tensile strength of plastic cards after outdoor exposure (continug)

Condition

Outdoor 4 months

Average
D

Outdoor 5 months

Average
D

Outdoor 6 months

Average
SD

Sample
Number

1

o1l &~ wW PO

Ol B DO N

(3 2 TN~ FU RN G SN

The average tensile strength (GPa)

PVC

21.99
34.03
33.54
37.83
40.48
34.11
474
30.65
31.35
30.69
38.69
25.58
32.59
540
29.68
21.93
26.19
35.09
25.89
21.15
493

PETG

34.11
28.46
29.81
2146
23.19
28.85
3.97
32.00
21.13
21.89
28.24
21.65
21.50
3.69
31.90
23.19
35.25
31.16
35.58
3142
5.00

PC

571.25
61.95
68.39
66.24
63.63
63.49
4.21
63.33
65.04
66.68
67.99
64.03
69.41
191
68.05
63.93
67.18
68.29
65.38
66.56
187

12
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Table A7 Toughness of plastic cards before exposure

. Sample The average toughness (Mpa)
Codion Ve e TPETe PC
1 9.30 87.29 43,05
2 .13 81.40 62.77
Non exposure 3 713 * 50.09
4 10.50 84.41
5
Average 51.97 8.66 8431
D 9.99 153 2.95

Table A8 Toughness of plastic cards after exposure in QUV accelerated weathering
tester

Sample The average toughness (Mpa)
Number PVC PETG PC
1 17.64 9.63
2 74.19 6.64 25.78
QUV Lcycle 3 19.31 1357
4 74.74 14.12
) 7845 1157 9.03
Average 16.87 1059 14.64

D 2.28 3.97 .1
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Table A8 Toughness of plastic cards after exposure in QUV accelerated weathering
tester (continue)

.. Sample The average toughness (Mpa)
Condition— \umber —— pve PETG PC
1 2055 2.15 19.87
2 1951 2.3 11.86
QUV 3 cycles 3 1049 8.85
4 9.35 6.68 15.37
5 17.60
Average 1498 5.01 16.18
D 5.87 331 341
1 3.1 1253
2 2.56 1.9 13.16
QUV 6 cycles 3 3.76 174 11.59
4 481
5 3.79 168 16.13
Average 3.14 179 13.35
D 0.80 0.15 19
1 2.69 3.49 14.93
2 3.00 182 951
QUV 9 cycles 3 2.82 2.06 5.43
4 2.84 241 17.90
5 2.22 192 10.42
Average 211 2.34 11.64

D 0.30 0.68 4.8



15

Table A8 Toughness of plastic cards after exposure in QUV accelerated weathering

tester (continue)

Condition

QUV 12 cycles

Average
D

QUV 15 cycles

Average
SD

Sample
Number

1

ol B oo PO

(32 TN~ ST NG RN

PVC

3.1
3.13
345
3.96
2.36
3.25
0.9
104
L7
157
11
150
140
031

The average toughness (Mpa)
PETG
L7
191

183
183
0.07
0.9
1.69
164
168
1%
158
0.37

PC

8.06
8.85
3.29

345
591
2.96
6.58
5.65
416
3.15
4.68
4.84
133



Table A9 Toughness of plastic cards after outdoor exposure

Condition

Outdoor 1 month

Average
SD

Outdoor 2 months

Average
D

Outdoor 3 months

Average
D

Sample
Number

1

2
3
4
5

'S 2 TN SO SO RN NG RN

S 3 I Y ST R NG RN

PVC

2.30
0.90
0.90
170
2.10
158
0.66
0.9
0.71
0.67
0.52
1.09
0.80
0.24
0.39
051
0.71
0.92
0.71
0.65
0.20

PETG

2.10

2.10
2.40
2.20
0.17

2.29
245
164
12
190
0.58
102
0.93

0.92
105
0.98
0.06

The average toughness (Mpa)

PC

1310

16.80
12.10
14,00
248
1518.00
1501.00
1287.00
1219.00
1362.00
17,84
353
1273.00
1007.00
1224.00
1073.00
1312.00
19.73
b4l

16
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Table A9 Toughness of plastic cards after outdoor exposure (continug)

" Sample The average toughness (Mpa)

Conditon Number  PVC PETG PC

1 0.38 131 8.12

2 0.55 0.69 17.08

Outdoor 4 months 3 0.50 0.73 0.64

4 0.62 0.55 17.30
5 0.74 0.35

Average 0.56 0.72 13.04

D 0.14 0.36 4.84

1 0.45 1.44 20.10

2 0.70 0.33 6.14

Outdoor 5months 3 047 0.56 16.11
4 0.75 0.55

5 0.33 0.79 6.83

Average 0.54 0.73 12.29

D 0.18 0.43 6.91

1 041 0.54 12.19

2 0.25 0.42 15.46

Outdoor 6 months 3 0.36 107 10,64
4 0.59 091

5 0.34 1.09 9.05

Average 0.39 0.80 11.84

D 0.12 031 2.74



Appendix B M-file from MATLAB application

Curvefitting ofPETG in QUV accelerated weathering tester condition

function PETGquv(2)(cycles,PETG_QUV)

% Set up figure to receive datasets and fits

f_ = elf;
set(f_,'"Units','"Pixels',"Position"',[468 161 688 4861]);
legh_ = [1; legt_ = {}; % handles and text for legend
xlim_ = [Inf -1nf]; % limits of X axis
ax_ = axes;
set(ax_,'Units',"normalized'; "OuterPosition"', [0 01 117);
set(ax_,'Box"','on");
axes(ax_); hold on;
% --—--- Plot data originally in dataset "PETG_QUV vs. cycles"
cycles = cycles(:);
PETG_QUV = PETG_QUV( );
h_ = line(cycles,PETG_QUV, 'Parent',ax_, 'Color', [0.333333
0.666667] , ...
‘LineStyle', 'none', 'LineWidth"’,6 1,
‘Marker',".", ‘MarkerSize',12);
xlim _ (1) = min(xlim _(l), min(cycles));
xlim_(2) = max(xlim_(2), max(cycles));
legh_(end+1) = h_;
legt_{end+1} = "PETG_QUV wvs., cycles";
% Nudge axis |limits beyond data I|imits
if all(isfinite(xIlim _))
xlim_ = xlim_ + [-1 1] * 0.01 * diff (xlinO.;
O set(ax_,"'XLim"',xlim_)
10
set(ax_, "XLim ', [-0.14999999999999999, 15.15]);
end
% - Create fit "fit 10"
ok_ = isfinite (cycles) S isfinite (PETG_QUV) ;

if--all( ok_ )

warning( 'GenerateMFile IgnoringNansAndlInf s

78

‘lgnoring NaNs and Infs in data'’ )
st_ = [0.4034236681765504 0.40579578503099578 0.10374116504003539 1];
ft_ = fittype (la*exp(-b*x)+c"',...
‘dependent',{'y "} ,'independent', {"X"},...
‘coefficients',{'a"', 'b', 'c'});
% Fit this model using new data
cf_ = fit(cycles(ok_),PETG_QUV(ok_),ft_ ,'startpoint',st_);
% Or use coefficients from the original fit:
if O
cVv_ = { -149.48706291622028, -0.0023122487718120546,

199.97154482709175%;
cf_ = cfit(ft_,cv_{ });



up

method call

loose

Y, 'Location-',.

%

create

end
% Plot this fit
h_ = plot(cf_, "fit ',0.95) ;
legend off; % turn off legend from plot
set(h_(l),'Color", [2 0 0], ...
"L in e S ty le 1linewidth' , 2
‘Marker',"none’, ‘MarkerSize',6);
legh_(end+1) = h_(l);
legt_{end+ 1} = "fit 10°;
% Done plotting data and fits. Now finish
hold off;
leginfo_ = {'Orientation’', ‘vertical
h_ = legend(ax_,legh_,legt_,leginfo_{ }):
set(h_,'lnterpreter'1'n0ne');
xlabel(ax_,""); % remove X label

ylabel(ax_

)

% remove y label

ends,

'NorthEast
legend

B
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Curvefitting of PETG in outdoor exposure condition

function PETGoutdoor(months,PETGoutdoor)

9 et up fig,re to rece ive datl;ets; fits
seSg_,'Unlts','Plxels' 'P05|t|0n',J4451 688 480]);

egh = ]; e?t = {}: "% hanales and.text for legend
xlim™ = TInf-1f); = « limits of x axis

aX_ = aXes,. . .

seffax_, Units', normalized’, OuterPosition’,[0 0 1 1]);
set(ax”, Box',on’);

axes(dx ); hold on;

% — Plot data originally in dataset "PETCioutdoor vs. months"

months = months(’);

PETGoutdoor = PETGoutdoor(:):

h =line months,PETGoutd,oor"Parent',ax_,'CoIor‘,[0.333333 0 0.666667],...
'1,ineStyle' none, ‘LineWigth',L,...
‘Marker", MarkerSize',12).

xlim_(I) = min(xlim_ I% min(months));

Xlim 72) = max(xlini"(2),max(months))

legh~(end+[) =h ;

legt Tend+} = 'PETGoutdoor vs. months:

% Nu_d(‘;_e axis limits beyond data limits

if al](isfinite(xlim —
xlim_=xlim_¥[-1 1]*0.0L *diff(xlim );
set(ax_,XLirmxlim_)

3et(ax_, "XLim',[-0.059999999999999998, 6.0599999999999996]);
en

% — Create fit "PETGoutdoor"
ofk_ I:I (|sfl|(n|te(months) & isfinite(PETGoutdoor);
if~all( 0
waming{ "GenerateMFiledgnoringNansAndinfs',..
'lgnaring NaNs and Infs in data”):

st = ;,0.81356611039825466 0.78989849854332905 0 ;
ft” = fittype(a*exp(-D*x)+C,...
“dependent’ {3, independent, {X},..
I'%{a’ |b|’ |Cl});
% Fit this model using new data _
cf_=fit*onths*k"ETGoutdoo™okJI/t/Startpoim”sO;

% Or use coefficients from the original fit

‘coefficients



f #%(5ﬁ392820291069128 0.22246979603131042, 18.122280013205163};
Cll

% Plot this fit
h_=plot(cf fit'0.95);
Ie(%end off; % turn off legend from plot method call
set(h_(I);cotor JL 00],..
‘LineStyle',"-", "LineWidth'2,...
‘Marker','none’, "M arkerSizc',6);

egh_(end+l) =h_
egt Jend+l} = PETGoutdoor;
% Done plotting data and tits. Now finish up loose ends,

old off;
eginfo_ dOrlentatlon 'vertical', "Location’, "Northeast'};
= legena(ax_legh._legt_leginfo_{}); % ereate legen

set(h InterEreter ,‘none’);

xlaDel(ax % remove x label
aX % remove Y label

ylabel



Curvefitting ofPVC in QUV accelerated weathering tester condition

function PVC_QUV(2) (cycles,PVC_quv)

% Set up figure to receive datasets and fits

f_ = d é -
figure (f_) ;
set(f_,'Units', '"Pixels',"Position',[468 161 688 4861]);
legh_ = [1; legt_ = {}; % handles and text for legend
xlim_ = [Inf -1Inf]l; % limits of X axis
ax_ = axes;
set(ax_, Units','"normalized', " OuterPosition', [0 0 1 1] );
set(ax_,'Box"','on");
axes(ax_); hold on;
% - Plot data originally in dataset "PVC_quv vs. cycles"
cycles = cycles( );
PVC_quv = PVC_quv( );
h_ = line(cycles,PVC_quv, 'Parentl,ax_, 'Color', [0.333333
0.666667] , . 1.
‘LineStyle','"none"1l 'LineWidth
‘M a r k e r 'MarkerSize',12) ;
xlim _ (1) = min(xlim_(1),min(cycles));
xlim _(2) = max(xlim_(2), max(cycles));
legh_(end+1) = h_;
legt_{end+1} = 'PVC_quv vs. cycles"';
% Nudge axis |limits beyond data Ilimits
if all(isfinite(xlim _))
xlim_ = xlim_ + [-1 1] * 0.01 * diff(xlim _);
set(ax_,"'XLim"';xlim _)
01 SG
set(ax_, 'XLim"', [-0.14999999999999999, 15.151]);
end
% - Create fit "fit 8"
ok_ = isfinite (cycles) S isfinite (PVC_quv) ;
if -all( ok_ )
warning! 'GenerateMFile:lgnoringNansAndlInfs"',
‘lgnoring NaNs and Infs in data'’ )
st_ = [49.484912646585578 -0.00023531204776019597 1;

ft_ fittype('expl");

% Fit this model using new data

cf_ = fit (cycles (ok_) ,PVC_quv (ok_) ,ft__, 'startpoint ', st_) ;
% Or use coefficients from the original fit:
if 0
cv_ = { 50.240822811048055, -0.0035081032748280352%};
cf_ = cfit(ft_,cv_{:});
end

% Plot this fit
h_._ = plot (cf_, "fit ',0.95);
legend o ff; % turn off legend from plot method call
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set(h_(1),'Color',[2 0 0], ...

"L ine S ty le llinewidth' , 2
‘Marker 11'none', 'MarkerSize',6) ;
legh_(end+1) = h_(1);
legt_{end+1} = 'fit 8';
% Done plotting data and fits. Now finish up loose ends.
hold off;
leginfo_ = {'Orientationl, 'vertical', ‘Location"', ‘North-East '} ;
h_ = legend(ax_,legh_,legt_,leginf _{ }); % create legend
set(h_, '"Interpreter', 'none 1) ;
xlabel(ax_,1"); . % remove X label

ylabel(ax_,1"); % remove y label



Curvefitting of PVC in outdoor exposure condition

function PVCoutdoor(months,PVC outdoor)

% Set up figure to receive datasets and fits

setg_,-u nitg''Pixels' 'Position’, [445 130 688 486]);
Ieg =0 Iegt_= {}; oehandles and text for legend
X|Im_= [Inf-Inf]; % limits of x axis

= axes*
set(ax_,units' normali7.edV (JuterPosition',[o 0 1 1])
set(ax_,"Box",'on’);
axes(ax_); hold on;

% — Plot data originally in dataset "PV Coutdoor vs. months"”

months = months());

PVC_ outdoor= PVC _outdoor());

h =,T|ne(months,PVC_outd_oori'Parent',ax_,'CoIor',[0.333333 0 0.666667],..
'LineStyle' nong', 'LineWidth' 1,...
"Marker'"', '"MarkerSize' 12);

xlim_(I) = min(xlim _ 9 mm(months) :

XIim7(2) = max{xlim_(2), max(months))

leghTend+ 1) =h ;

left Jend+l} = 'pvc outdoor vs. months*;

% Nudge axis limits beyond data limits

|faII(|s%|n|te xlim ) .
xlim_=xlim_¥[-1 J *0.01 *diff(xlim );
set(aX_,'XLirv'xlim )

3et(ax_, "XLim',[-0.059999999999999998, 6.0599999999999996]);
en

% — Create fit "fit 1"
ofk‘I:I |sfl|(n|t)e(months) & istmite(PVC outdoor);
IT~all{ 0
Wa Ing_('GenerateMFiledgnoringNansAndInfs',
‘Ignoring NaNs and Infs in data');

st = [0.17784684516935712 0.045968267438073251 0 ];
ft_ = fittype("a*exp(-b*x)+c’,...

‘dependent’, {"y'},"independent’, {"x'},...

‘coefficients' {"a', 'b", '¢'});

% Fit this model using new data _
cf = fit(months(ok );PVC_outdoor(ok ),ft_,' tartpoint'st J;



% Or use coefficients from the original fit;

cV = #_31.37143679394331,0.24117156383780222,21.778061385272551};
é:f_ = cfit(ft_cv { })
en

% Plot this fit
h_ = plot(cf ,'f|t',0.95%;
quend off: % turn off legend from plot method call
e {h__(l 'Color' [100]...
LineStyle', LineWidth' 2....
'Marker' none', ‘MarkerSize'6);
legh_(end+l) =h (1),
legt {end+1}=fit 1

%llaor# plotting data and fits. Now finish up loose ends,

010 a1t _ : .

leginfo_= {'Orientation’, 'vertical’, 'Location’, ‘NorthEast'}:
= Ie(];en ax_legh_leqt_ leginfo_{:}); % create legend

seT@ /Interpreter, none’);

xlabel(ax_3); % remove « label

ylabel(ax~3), % remove y label



Curvefitting of PC in QU YV accelerated weathering tester condition

function PCquv(cycles,PCquv)
9% Set U figure to rIceive qa;a31s and fits

Qg_,Units','Pixel Position' 1445 130 688 486]);
legh™= ;qut = {}: % hanales and text for legend
Xlini” = TInf-108]; ~ % limits of « axis

ax_ = axes; _ y
seffax_,'Units', normalized', QuterPosition',[0 0 1 1]);
set(ax”, Box',on);

axes(ax_); hold on;

% — Plot data originally in dataset "PCquv vs. cycles"
Bycles = cycles(:);

Cquy = Cquv 3)

h :,Ilne(cYC 6s, Cquy,'Parent‘,ax_,'CoIor',[0.333333 00.666667],...

'LineStyle', none’, LineWidth', 1.,

‘Marker""', MarkerSize',12);
xlim_(1) = min(xlim_ Ig min(cycles)):
XIim~(2) = max{(xlim™(2), max(cycles)):
legh~(end+[) =h ;
legt Tend+} = 'PCquv vs. cycles:

% Nu,d?,e axis limits beyond data limits

ifall(isfinite(xlim S
Xlim_=xlim £ [-1 1] *0.01 *diff(xlim ),
set(ax_,'XLin"xIim )

3et(ax_, "XLim'[-0.14999999999999999, 15.15]);
en

0% — Create fit "PCquv"
ofk_ ﬁ(lsfll(nlte(cyclesa & isfinite(PCquv);
if=all( 0
waming( "GenerateMFile.'lgnoringNansAndinfs',...
'Ilgnoring NaNs and Infs in datag);

S = ;0.97608318138190564 0.33351083638846934 0 ];
ft = |tt¥Pe("a*ex (-D*x)+C,..
“deperiaent {'y’ ‘independent, {X}....
‘coefficients'{'&, b, ‘C});

% Fit this model using new data _
cf_=fit(cycles(ok_),PCquv(ok ),ft_,'Startpoinf st]);
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% Or use coefficients from the original i

v = §015787490096316306 -0.19674672010657249, 63.362743688993163};
ené:f = chit(ft_,cv { });

% Plot this fit
h_=plot(cf fit 095}
Ie(%end off: % turn off legend from plot method call
gw( ‘Color'[10],
mestyle'~, "LineWidth' 2,..
‘Marker' none’, ‘MarkerSize'6):
legh_(end+]) =h (1);
legt {end+l}="

quv'

hO I[O)lor}cr plotting data and fits. Now finish up loose ends,
old 0

leginfo_= {'Orientation, vertlcal 'Location’, ‘NorthEast};
h'=le en ax_legh_ Iegt leginfo_{ 3); % create legend
s‘tgh nter ret‘er none’):

xae ax_,.); % remove X label

ylabel(ax % remove Y label



Curye fitting ofPC in oytdoor exposure condition
tiop PCoutdoor(maliths,PC _outdoor)

fillire to recellie datasetgfand fits

se f 1 Plxels 'POSition’,[20 159 688 486]);

= {}: 9% handles and text for fegend
é)gm : fsnf %Ilmltso x axis
set(ax_,'Units', normalized', OuterPosition',[0 0 1 1]);
set(ax_, Box’ on):
axes(ax_); hold on;

% — Plot data originally in dataset "PCoutdoor vs. months

months = months(’),

PCoutdoor = PC outdoor(’);

h -Ime(monthsPCoutdoor Parent’ax_,'Color'[0.333333 0 0.666667]....
~'LineStyle, none’, ‘LineWigth' 1
‘Marker'"" MarkerSize', 12)

Xlim (1) = min(xlim Igmm(months)

xlim- (2) = max(x|in_(2),max(months};

Iegh end+l) =

legt {end+l}= PC outdoor vs. months"

% Nudge axis limits beyond data limits
ifall(istini e(xlln\J
xlim =:xlim_+ [-1 1] *0.01 *diff(xlim );
set(ax_,'XLin7"xlim )

get(ax_, "Xhinf,[-0.059999999999999998, 6.0599999999999996]);
en

% — Create fit "PCoutdoor"
ofk |:|(|sfl|<n|t)e(months) & istmite(PC outdoor);
0
Wamlng'( 'Generat eMFlledgnorlngNansAndInfs
'lgnoring NaNs and Infs in data”);

st #0 073460944365362879 0.31894325856326611 0.41569900270098725 |;
ft™=fitty Qa*ex (-D*x)+C

“deperident, { Emdependent {x3,..

‘coefficients'{'a, b, '¢}):

% Fit this model using new data
cf_=fit(months(ok );PC_outdoor(ok ),ft_,'Startpoint'st J;
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% Or use coefficients from the original fit;

cy = #_4.2898841519258122,0.53601696113118547, 65.259105235906503};
8f_ = cfit(ft_ov {}):
en

% Plot this fit
h - pIot?cf ,'f|t',0.95%;
Ie(%end off: % turn off legend from plot method call

h (1), Color'[L.00]...
f_mggtyle',’-', 'H_Ine\/l/ldth_',Z,...
'Marker', none', ‘MarkcrSize',6);
legh_(end+l) =h (I);

legt {end+l} = 'PCoutdoor;

set

% Dong plotting data and fits. Now finish up loose ends,

hold off,  ~ . |
leginfo_= {'Orientation’, 'vertical’, 'Location’, ‘NorthEast};

h’= Ie?‘en ax_legh_legtleginfo_{ 3); % create legend

Sétgh 'Interpreter’ nane));
xlabel(ax_"); % remove X label
ylabel(ax™,"); % remove v label
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Appendix ¢ The gooaness of curve fitting in MATLAB application

Table Cl The goodness of curve fitting in MATLAB application

Material  Exposing R-square  A0Justed sS uurgr(e)g R
PG R R-Square gyeto error (st%n ard error)
oC Outdoor ~ 0.2027 -0.1959 52.12 3.63
QuUvV 0.6297 -0.4055 98.87 4972
o\ Outdoor 09834 0.9752 1569 1.376
Quv 0.1482 -0.06478 26.86 2591
PETG Outdoor 08846 . 0.827 69.24 4.16

UV 0.7537 0.5074 5.391 1.642



Appendix D The daily integral uv radiation in Bangkok

Daily Integral LTV-ARadiation, 3oule/m2

Station Bangkok (LaL 13 40'N, Long. 100 37" E, Elev.60m ) Country Thailand

Instrument UV-A Radiometer (MS-212A) Year 2010

Date 3an Feb Mar Apr May Jul Aug Sep oct Nov Dec
1 630.596 781.350 891,341 1,019,527 641,715 601,372 981,407 1,105,100 907,116 596,778 915,718
2 666.835 832,297 1,089,096 1,157,238 947,217 634,718 525,012 990,444 1,028,547 656,948 826,558
3 725.302 848 429 1.071,215 1,164,067 573,071 752,305 703,735 924,142 919,894 550,094 903,737
4 665,499 897,404 1,175,657 1,024,949 946,207 732,784 950,836 566,744 945,561 783,009
5 733.831 982.664 898,790 1,091,641 776,750 907,767 1,193,089 419,455 768,828 768,216
6 464.618 869,013 724,136 1,190,943 929,694 731,899 1,021,651 673,723 824,840 492,506
7 733.644 929.940 758,679 1,1%,053 1,033.496 1,212,182 827,838 901,648 922,287 562,555 584,139
8 597.382 884.668 974,111 1,185,287 1,064,799 1,078,602 944,453 964,098 870,969 923,309 689,005
9 720,810 799.692 984,002 1,064,034 1,267,073 1,137,832 1,027,458 1,013,582 407,566 789,720 824,100
10 709.802 919.105 586,023 995,994 1,264,929 1,151,656 . 1,051,139 459,572 1,006,474 865,824 628,000
1 600.207 822.337 812,868 1,126,755 1,125,866 1,143,048 491,169 576,754 741,226 423,512 785,145
12 653.236 830.404 881,779 1,114,463 621,027 1,222,529 942,018 860,223 637,686 492,638 756,255
13 732.820 820.221 1,005,540 1,138,057 1,198,330 951,923 479,208 819,062 756,388 703,376 728,204
14 689.748 882.930 1,091,012 1,070,077 1,276,772 776,394 692,500 604,361 511,067 983,169 832,244
15 656.708 982,808 1,033,544 1,222,916 1,181,075 632,137 914,128 831,789 393,784 825,741 734,730
16 756.450 833.955 985,495 960,981 391,629 777,742 892,688 656,790 370,123 725.416 496,194
17 833.070 847.472 309,426 503,245 899,500 756,225 747,359 646,145 418,879 899,714 526.379
18 881,496 671.811 822,316 1.078,551 652,529 766,608 668,034 627,562 713.323 700,166 760,843
19 681.826 679.706 732,352 1,238,680 334,061 1,105,365 774.377 713,860 858,802 724.242
20 628.206 797.821 962,905 1,099,785 1,224,316 709,363 1,056,016 626,353 713,800 708,200
21 481.245 173.365 887,021 1,102,890 1,164,430 580,227 1,103,788 589,347 709,196 752,688
22 417,696 993,744 1,028,317 1.082,373 912,459 941,627 876,890 895,047 644,523 704,080
23 758.722 1.085.799 1,105,408 1,174,607 919,692 883,980 634,853 1,017,863 884,136 6%,249
24 525.445 1.038,089 1,088,766 525,038 1,098,536 936,593 1,017,076 1,154,119 1,037,129 854,678 447,712
25 648.945 1.106.863 1,076,810 1,179.740 1,318,034 892,503 1,102,493 945,371 820,100 851,683 499,208
26 806.184 1.113.589 714,989 1,236,491 1,087,185 748,682 1,173,449 939,836 652,831 860,809 841,650
27 688.870 1.042.261 853,562 1,178,689 1,012,393 865,7% 1,128,250 766,380 928,934 842.716 877,794
28 639,792 950.262 814,244 839,283 1,232,446 642,772 835,194 907,611 806,371 775,272
29 665.893 705,569 647,081 976,119 742,394 899,989 1,065,470 895,128 659,229
30 479.938 987,092 1,136,967 784,767 976,926 826,504 997,467 885,414 837,283 781,725
31 840.100 1,007,274 1,109,148 1,005,284 660,547 833,670
N 31 28 31 28 15 7 31 31 30 31 30 31

AVG 668,223 872,071 905,143 1,080,716 942,602 969,611 920,680 842,561 871,038 744,057 766,577 720,539
MAX 881,496 1,113,589 1,175,657 1,238,680 1,276,772 1,318,034 1,232,446 1,173,449 1,193,089 1,065470 983,169 915,718

MIN 417,6% 173,365 309,426 503,245 391,629 647,081 334,061 479,208 459,572 370,123 423,512 447,712
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Station Bangkok (Lat 1340'N, Long. 100 37'E, Elev.60m ) Country Thailand

Instrument UV-A Radiometer (MS-212A) Year 2011

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 842,689 705,322
2 830,485 720,169
3 798,129 763,110
4 834,166 872.723
5 839,255 516,490
6 760,762 690,214
7 865,753 803,852
8 794,917 895,102
9 876,861 933,044
10 850,861 875,867
i 677,529 913,184
12 494,375 789,118
13 805,540 877,426
14 694,031 784,810
15 783,216 610,300
16 778,279 951,917
17 750,344 1,008,939
18 807,281 996,996
19 795,697 958,595
20 689,935 - 888,990
21 831,318 495,657
22 712.293 549,924
23 726,633 665,031
24 821,075 799,000
25 860,564 867,459
26 854,715 ' 617,131
27 778,457 512,949
28 653,791 840.919
29 787,173
30 717,177
31 787,609
N 31 28

AVG 777,449 782,294  #DIV/0! #DIV/0! #DIV/I0! #DIV/0! #DIV/0! #DIVI0! #DIV/0! #DIVI0!  #DIV/0!  #DIV/0!
MAX 876,861 1,008,939

MIN 494,375 495,657
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Station Bangkok ( Lat. 13 40N, Long. 100 37" E, Elev.60m ) Country Thailand

Instrument UV-B Radiometer (MS-212W) Year 2010

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 16,492 22,206 29,055 29,4% 17,350 18,735 33,055 35,497 21,071 16,254 24,787
2 17,242 24,217 35,855 35,775 21,309 18,920 16,678 32,245 32,349 16,806 22,558
3 18,481 24,009 34553 36,291 13,817 23,020 23,7117 30,888 30,017 14,735 24,325
4 16,873 21,606 37,886 32,849 30,870 23,681 30,518 17,033 25,289 20,603
5 19,810 29,177 26,154 35476 23,454 30,167 38,302 12,744 20,955 21,239
6 12,375 25,666 18,386 40,144 29,953 23,689 33,484 19,170 23,150 12,931
7 19,665 28,013 20,272 39,150 41,020 37,564 27,805 29,026 27,341 16,182 16,342
8 17,102 26,643 28,625 37,107 32,761 34,512 31,686 32,640 26,190 26,733 18,658
9 19,700 22,703 28,690 31,856 40,462 35,994 31,777 35,558 11,131 23,155 22,107
10 18,254 28,280 15873 29,419 37,616 35,592 34,706 14,063 30,415 25,201 16,229
1 14,074 23,999 21,818 33581 32,821 36,512 16,108 17312 23,090 11,851 23,114
12 16,188 23,873 23,470 32,653 17,784 39,199 33,146 29,066 20,077 13,509 21,781
13 18,781 23,503 29,060 32,823 37,105 31,065 13,438 26,872 21,356 18,292 20,483
14 17311 26,228 33,168 31,936 39,853 - 24,623 22,260 17,793 13,296 26,397 22,822
15 17,571 29,917 29,689 37,646 37,539 18,118 30,006 26,380 11,932 22,738 19,310
16 20,453 24,809 27,400 29,050 10,070 22,826 28,176 20,000 10,635 20,589 13,514
17 22,134 24,321 6,858 13,320 30,615' 24,363 26,824 19,183 11,196 25,8% 14,163
18 23,893 18,508 22,011 32477 16,943 25,372 21,675 19,670 20,852 19,488 18,612
19 17,804 17,863 19,141 39,794 9,582 36,366 21,109 19,324 24,242 18,041
20 18,180 23,223 21501 31371 39,683 22,929 33,567 17,362 20,065 17,669
pil 15,925 2,984 25,076 32,084 35,302 17,326 36,170 15,810 19,242 20,284
22 11,919 30,186 30,711 30,570 29,997 31,729 28,157 25,333 17,142 18,381
23 21,359 33,633 33,537 35,105 31,030 28,634 19,651 30,165 24,355 18,287
24 12,334 32,847 32,671 14,465 36,853 29,601 32,137 37,497 29,556 24312 10,507
25 17,070 35,227 32,049 352% *43,533 28,003 37,191 30,262 22,178 23,556 11,961
26 21,973 34,437 20,316 37,721 37,596 25,166 38,302 28,478 17,508 23,029 21,518
2 17,243 30,641 24,497 36,543 34,143 21,522 36,252 22,764 25,636 22,659 21,799
28 16,434 30,899 21,556 26,637 42,472 19,674 25,506 24,951 23,349 19,816
29 18,790 18,719 21,340 33,994 24,871 21,132 29,248 24597 16,967
30 13,550 28,006  37,1% 22,343 33,799 26,876 29,562 23,093 23,501 19,801
3l 24,202 28,837 37,817 33,085 17,229 22,064
N kil 28 3l 28 15 7 31 31 30 kil 30 3l

AVG 17,847 25,917 26,176 32,900 28,871 31,778 29,505 27,547 27,834 21,396 21,242 19,054
MAX 24,202 35,227 37,886 40,144 41,020 43,533 42,472 38,302 38,302 32,349 26,733 24,781
MIN 11,919 2,984 6,858 13,320 10,070 21,340 9,582 13,438 14,063 10,635 11,851 10,507
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Station Bangkok ( Lat. 13 40"N, Long. 100 37" E, Elev.60m ) Country Thailand
Instrument UV-B Radiometer (MS-212W) Year 2011
Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 23,180 19,371
2 22,973 18,924
3 22,100 20,058
4 22,209 24,400
5 22,478 12,959
6 21,126 18,845
7 23,159 22,791
8 21,517 26,135
9 24,033 28,370
10 22,043 27,436
1 17,282 28,528
12 13,401 24,064
13 19,729 26,203
14 16,657 22,613
15 18,756 16,588
16 18,480 27,897
m 17,592 29,034
18 19,657 29,110
19 19,950 26,672
20 16,923 25,725
21 21,007 14,706
22 17,458 15,437
23 17,945 18,932
24 21,775 24,016
25 22,645 26,741
26 23,802 18,319

27 22,160 13,536
28 17,790 25,543
29 21,714
30 19,104
31 21317
N 31 28

AVG 20,321 22,605 #DIV/OL #DIV/0! #DIV/0! #DIV/OL #DIY/0!  #DIV/0!  #DIV/0! #DIVIO! #DIV/0Ol #DIV/Q!
MAX 24,033 29,110
MIN 13,401 12,959



e

Date Jan
1 647,088
2 684,077
3 743,783
4 682,372
5 753,641
b 476,992
i 753,309
8 614,484
9 740,510
10 728,056
1 614,280
12 669,424
13 751,601
14 707,118
15 674,278
16 776,903
17 855,204
18 905,389
19 699,629
20 646,386
21 497,169
22 429,616
23 780,081
24 537,779
25 666,015
26 828,157
21 706,113
28 656,227
29 684,683
30 493,488
31 864,302
N 3
AVG 686,070
MAX 905,389
MIN 429,616

Mﬁ%

803,556
856,574
872,438
925,010
1,011,841
894,679
957,953
911,311
822,395
947,385
846,336
854,277
843,724
909,158
1,012,725
858,764
871,799
690,319
697,569
821,043

1,023,930
1,119,432
1,070,936
1,142,090
1,148,026
1,072,902

981,161

21
924,716
1,148,026

690,319

Mar
920,396
1,124,951
1,105,763
1,213,543
924,944
742,572
778,951
1,002,736
1,012,692
601,896
834,686
905,249
1,034,600
1,124,180
1,063,232
1,012,895
316,284
844,328
751,533
990,407
912,097
1,059,028
1,138,945
1,121,437
1,108,860
735,305
878,059
835,799
724,288
1,015,098
1,036,111
3l
931,318
1,213,543
316,284

Apr
1,049,022
1,193,013
1,200,358
1,057,799
1,127,118
1,231,087
1,235,203
1,222,394
1,095,890
1,025,413
1,160,335
1,147,116
1,170,880
1,102,014
1,260,562

990,031

516,565
1,111,027
1,278,474
1,131,156
1,134,974
1,112,943
1,209,712

539,502
1,215,035
1,274,211
1,215,232

1,174,164

28
1,113,615
1,278,474
516,565

U#BFaialm Juigh®

May

659,065
974,521
586,889

1,074,516
1,097,560
1,307,535
1,302,545
1,158,687
638,811
1,235,435
1,316,625
1,218,614
401,699
930,115
669,471

15
971,473
1,316,625

401,699

Jun

1,135,389
1,361,568
1,124,781
1,046,537
865,920
668,421
807,110

1
1,001,389
1,361,568
668,421

Jul
620,107
653,637
775,325
977,077
800,204
959,646

1,249,746
1,113,114
1,173,825
1,187,248
1,179,560
1,261,728
982,987
801,017
650,255
800,568
780,588
791,980
343,642
1,264,000
1,199,732
942,456
950,722
966,194
920,506
773,848
893,318
1,274,917
1,010,113
1,010,725
1,146,966
31
950,186
1,274,917
343,642

Aug
1,014,462
541,691
721,452
756,465
937,934
755,588
855,644
976,139
1,059,235
1,085,845
507,277
975,164
492,646
714,759
944,134
920,864
774,183
689,709
1,141,730
732,291
597,552
973,355
912,614
1,049,214
1,139,684
1,211,750
1,164,502
662,446
767,265
853,379
1,038,368
3
870,108
1,211,750
492,646

Sep
1,140,5%
1,022,689

955,031
981,354
1,231,390
1,055,135
930,674
996,738
1,049,140
473,634
594,126
889,289
845,933
622,154
858,169
676,790
665,328
647,232
801,486
1,089,583
1,139,957
905,047
654,504
1,191,616
975,633
968,314
789,145
860,700
927,721
1,027,029

30
898,871
1,231,390

473,634

W chly 210 B3]

W B

Oct

934,187
1,060,896
949,911
583,776
432,199
692,893
949,628
897,160
418,697
1,036,889
764,316
657,762
177,745
524,363
405,716
380,757
430,075
734,174
733,183
643,715
605,157
920,380
1,048,027
1,066,684
842,278
670,339
954,571
932,562
1,094,718
908,507
677,775
31
765,453
1,094,718
380,757

Nov
613,032
673,754
564,829
970,850
789,784
847,990
578,736
950,042
812,875
891,024
435,363
506,147
721,667

1,009,566
848,479
746,005
925,610
719,654
883,044
733,866
728,438
661,665
908,491
878,990
875,239
883,839
865,375
829,720
919,725
860,784

31
762,406
1,009,566

Dec
940,505
849,116
928,062
803,612
789,455
505,437
600,481
707,662
846,207
644,230
808,260
778,035
748,687
855,066
754,040
509,708
540,541 -
779,456
742,283
725,869
772,972
722,462
714,536
458,220
511,168
863,168
899,593
795,088
676,195
801,526
855,735
3
739,593
940,505
458,220



W chly 201, AB)

It UABRton due

Moy 2

Mt ORI i

Date Jan Apr May Aug Nov
1 865,869 724,693
2 853,458 739,093
3 820,228 783,168
4 856,375 897,123
5 861,733 529,449
6 781,888 709,059
7 888,912 826,644
8 816,435 921,237
9 900,894 961,415
10 872,904 903,304
1 694,811 941,712
12 507,776 813,182
13 825,269 903,629
14 710,688 807,422
15 801,972 626,888
16 796,759 979,814
17 767,936 1,037,973
18 826,938 1,026,106
19 815,647 985,267
20 706,858 914,715
21 852,326
22 729,751 565,362
23 744,579 683,963
24 842,850 823,016
25 883,209 894,200
26 878,517 635,450
21 800,618 526,485
28 671,581 866,462
29 808,887
30 736,282
3 808,926 - - - -
N 3 21 3 28 15 7 31 kil 30 31 31 3

AVG 797,770 815,808

MAX 900,894 1,037,973
MIN 507,776 526,485



Dily Iteyal VAR, M

St 12 1340 10037 E Beveom Thailand
Inst}l(}]nent |(0neter (I\/B%Lg)g - ) %rmy 210

Date Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec
1 0.6306 0.7814 0.8913 1.0195 0.6417 0.6014 0.9814 1.1051 0.9071 0.5968 0.9157
2 0.6668 0.8323 10891 1.1572 0.9472 0.6347 0.5250 0.9904 1.0285 0.6569 0.8266
3 0.7253 0.8484 10712 1.1641 0.5731 0.7523 0.7037 0.9241 0.9199 0.5501 0.9037
4 0.6655 0.8974 11757 1.0249 0.9462 0.7328 0.9508 0.5667 0.9456 0.7830
5 0.7338 0.9827 0 8988 1.0916 0.7767 0.9078 1.1931 0.4195 0.7688 0.7682
6 0.4646 0.8690 0.7242 1.1909 0.9297 0.7319 1.0217 0.6737 0.8248 0.4925
7 0.7336 0.9299 0 7587 1.1961 1.0335 1.2122 0.8278 0.9016 0.9223 0.5626 0.5841
8 0.5974 0.8847 0 9741 1.1853 1.0648 1.0786 0.9445 0.9641 0.8710 0.9233 0.6890
9 0.7208 0.7997 0.9840 1.0640 1.2671 1.1378 1.0275 1.0136 0.4076 0.7897 0.8241
10 0.7098 0.9191 0.5860 0.9960 1.2649 1.1517 1.0511 0.4596 1.0065 0.8658 0.6280
11 0.6002 0.8223 08129 1.1268 1.1259 1.1430 0.4912 0.5768 0.7412 0.4235 0.7851
12 0.6532 0.8304 0-8818 1.1145 0.6210 1.2225 0.9420 0.8602 0.6377 0.4926 0.7563
13 0.7328 0.8202 1.0055 1.1381 1.1983 0.9519 0.4792 0.8191 0.7564 0.7034 0.7282
14 0.6897 . 0.8829 1.0910 1.0701 1.2768 0.7764 0.6925 0.6044 0.5111 0.9832 0.8322
15 0.6567 0.9828 1.0335 1.2229 1.1811 0.6321 0.9141 0.8318 0.3938 0.8257 0.7347
16 0.7564 0.8340 0.9855 0.9610 0.3916 0.7777 0.8927 0.6568 0.3701 0.7254 0.4962
17 0.8331 0.8475 0.3094 0.5032 0.8995 0.7562 0.7474 0.6461 0.4189 0.8997 0.5264
18 0.8815 0.6718 0.8223 1.0786 0.6525 0.7666 0.6680 0.6276 0.7133 0.7002 0.7608
19 0.6818 0.6797 0.7324 1.2387 0.3341 1.1054 0.7744 0.7139 0.8588 0.7242
20 0.6282 0.7978 0.9629 1.0998 1.2243 0.7094 1.0560 0.6264 0.7138 0.7082
21 0.4812 0.8870 1.1029 1.1644 0.5802 1.1038 0.5893 0.7092 0.7527
22 0.4177 0.9937 1.0283 1.0824 0.9125 0.9416 0.8769 0.8950 0.6445 0.7041
23 0.7587 1.0858 1.1054 1.1746 0.9197 0.8840 0.6349 1.0179 0.8841 0.6962
24 0.5254 1.0381 1.0888 0.5250 1.0985 0.9366 1.0171 1.1541 1.0371 0.8547 0.4477
25 0.6489 1.1069 1.0768 1.1797 1.3180 0.8925 1.1025 0.9454 0.8201 0.8517 0.4992
26 0.8062 1.1136 0.7150 1.2365 1.0872 0.7487 1.1734 0.9398 0.6528 0.8608 0.8417
27 0.6889 1.0423 0.8536 1.1787 1.0124 0.8658 1.1282 0.7664 0.9289 0.8427 0.8778
28 0.6398 0.9503 0.8142 0.8393 1.2324 0.6428 0.8352 0.9076 0.8064 0.7753
29 0.6659. 0.7056 0.6471 0.9761 0.7424 0.9000 1.0655 0.8951 0.6592
30 0.4799 0.9871 1.1370 0.7848 0.9769 0.8265 0.9975 0.8854 0.8373 0.7817
31 0.8401 1.0073 1.1091 1.0053 0.6605 0.0000 0.8337
N 31 27 31 28 15 7 31 31 30 31 31 31
AVG 0.6682 0.8979 0.9051 1.0807 0.9426 0.9696 0.9207 0.8426 0.8710 0.7441 0.7418 0.7205
MAX 0.8815 1.1136 1.1757 1.2387 1.2768 1.3180 1.2324 1.1734 1.1931 1.0655 0.9832 0.9157

MIN 0.4177 0.6718 0.3094 0.5032 0.3916 0.6471 0.3341 0.4792 0.4596 0.3701 0.0000 0.4477



w caily 201 AM

Daily Integral UV-A Radiation, MJ/m 2

Station Bangkok ( Lat. 13 40' N, Long. 100 37'E, Elev.60m ) Country Thailand
Instrument UV-A Radiometer (MS-212A) Year 2011
Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 0.8427 0.7053
2 0.8305 0.7202
3 0.7981 0.7631
4 0.8342 0.8727
5 0.8393 0.5165
6 0.7608 0.6902
7 0.8658 0.8039
8 0.7949 0.8951
9 0.8769 0.9330
10 0.8509 0.8759
11 0.6775 0.9132
12 0.4944 0.7891
13 0.8055 0.8774
14 0.6940 0.7848
15 0.7832 0.6103
16 0.7783 0.9519
17 0.7503 1.0089
18 0.8073 0.9970
19 0.7957 0.9586
20 0.6899 0.8890
21 0.8313
22 0.7123 0.5499
23 0.7266 0.6650
24 0.8211 0.7990
25 0.8606 0.8675
26 0.8547 0.6171
27 0.7785 0.5129
28 0.6538 0.8409
29 0.7872
30 0.7172
31 0.7876
N 31 27
AVG 0.7774 0.7929
MAX 0.8769 1.0089

MIN 0.4944 0.5129



/iy 00BN

Dl eyl UvBRediion, M

. Trailard
M(GL%eer(lll\% % 10037 £ Heveom) Courtry Tl

Sation
Instrument Yo

Date lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 0.0165 0.0222 0.0291 0.0295 0.0173 0.0187 0.0331 0.0355 0.0271 0.0163 0.0248
2 0.0172 0.0243 0.0359 0.0358 0.0273 0.0189 0.0167 0.0322 0.0323 0.0168 0.0226
3 0.0185 0.0240 0.0346 0.0363 0.0138 0.0230 0.0237 0.0309 0.0300 0.0147 0.0243
4 0.0169 0.0276 0.0379 0.0328 0.0000 0.0309 0.0237 0.0305 0.0170 0.0253 0.0206
5 0.0198 0.0292 0.0262 0.0355 0.0000 0.0235 0.0302 0.0383 0.0127 0.0210 0.0212
6 0.0124 0.0257 0.0184 0.0401 0.0000 0.0300 0.0237 0.0335 0.0192 0.0231 0.0129
7 0.0197 0.0280 0.0203 0.0391 0.0410 0.0376 0.0278 0.0290 0.0273 0.0162 0.0163
8 0.0171 0.0266 0.0286 0.0371 0.0328 0.0345 0.0317 0.0326 0.0262 0.0267 0.0187
9 0.0197 0.0227 0.0287 0.0319 0.0405 0.0360 0.0318 0.0356 0.0111 0.0232 0.0221
10 0.0183 0.0283 0.0159 0.0294 0.0376 0.0356 0.0347 0.0141 0.0304 0.0252 0.0162
11 0.0141 0.0240 0 0218 0.0336 0.0328 0.0365 0.0161 0.0174 0.0231 0.0119 0.0231
12 0.0162 0.0239 0.0235 0.0327 0.0178 0.0392 0.0331 0.0291 0.0201 0.0135 0.0218
13 0.0188 0.0235 0 0291 0.0328 0.0371 0.0311 0.0134 0.0269 0.0214 0.0183 0.0205
14 0.0174 0.0262 0 0332 0.0319 0.0399 0.0246 0.0223 0.0178 0.0133 0.0264 0.0228
15 0.0176 0.0299 0.0297 0.0376 0.0375 0.0181 0.0300 0.0264 0.0119 0.0227 0.0193
16 0.0205 0.0248 00274 0.0291 0.0101 0.0228 0.0282 0.0200 0.0106 0.0206 0.0135
17 0.0221 0.0243 0.0069 0.0133 0.0306 0.0244 0.0268 0.0192 0.0112 0.0259 0.0142
18 0.0239 0.0185 0-0220 0.0325 0.0169 0.0254 0.0217 0.0197 0.0209 0.0195 0.0186
19 0.0178 0.0179 0-0191 0.0398 0.0096 0.0364 0.0271 0.0193 0.0242 0.0180
20 0.0182 0.0232 0.0275 0.0314 0.0397 0.0229 0.0336 0.0174 0.0201 0.0177
21 0.0159 0.0251 0.0321 0.0353 0.0173 0.0362 0.0158 0.0192 0.0203
22 0.0119 0.0302 0 0307 0.0306 0.0300 0.0317 0.0282 0.0253 0.0171 0.0184
23 0.0214 0.0336 0-0335 0.0351 0.0310 0.0286 0.0197 0.0302 0.0244 0.0183
24 0.0123 0.0328 0.0327 0.0145 0.0369 0.0296 0.0321 0.0375 0.0296 0.0243 0.0105
25 0.0171 0.0352 00320 0.0353 0.0435 0.0280 0.0372 0.0303 0.0222 0.0236 0.0120
26 0.0220 0.0344 0.0203 0.0377 0.0376 0.0252 0.0383 0.0285 0.0175 0.0230 0.0215
27 0.0172 0.0306 0.0245 0.0365 0.0341 0.0275 0.0363 0.0228 0.0256 0.0227 0.0218
28 0.0164 0.0309 0.0216 0.0266 0.0425 0.0197 0.0255 0.0250 0.0233 0.0198
29 0.0188 0.0187 0.0213 0.0340 0.0249 0.0277 0.0292 0.0246 0.0170
30 0.0135 0.0280 0.0372 0.0223 0.0338 0.0269 0.0296 0.0231 0.0235 0.0198
31 0.0242 0.0288 0.0378 0.0331 0.0172 0.0000 0.0221
N 31 27 31 28 18 7 31 31 30 31 31 31
AVG 0.0178 0.0268 0.0262 0.0329 0.0241 0.0318 0.0295 0.0275 0.0278 0.0214 0.0206 0.0191
MAX 0.0242 0.0352 0.0379 0.0401 0.0410 0.0435 0.0425 0.0383 0.0383 0.0323 0.0267 0.0248

MIN 0.0119 0.0179 0.0069 0.0133 0.0000 0.0213 0.0096 0.0134 0.0141 0.0106 0.0000 0.0105



w cally 2011 BM

Daily Integral UV-B Radiation, M J/m 2

Station Bangkok ( Lat. 13 40’ N, Long. 100 37'E, Elev.60m ) Country Thailand
Instrument UV-B Radiometer (MS-212W) Year 2011
Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 0.0232 0.0194
2 0.0230 0.0189
3 0.0221 0.0201
4 0.0222 0.0244
5 0.0225 0.0130
6 0.0211 0.0188
7 0.0232 0.0228
8 0.0215 0.0261
9 0.0240 0.0284
10 0.0220 0.0274
11 0.0173 0.0285
12 0.0134 0.0241
13 0.0197 0.0262
14 0.0167 0.0226
15 0.0188 0.0166
16 0.0185 0.0279
17 0.0176 0.0290
18 0.0197 0.0291
19 0.0199 0.0267
20 0.0169 0.0257
21 0.0210
22 0.0175 0.0154
23 0.0179 0.0189
24 0.0218 0.0240
25 0.0226 0.0267
26 0.0238 0.0183
27 0.0222 0.0135
28 0.0178 0.0255
29 0.0217
30 0.0191
31 0.0213
N 31 27
AVG 0.0203 0.0229
MAX 0.0240 0.0291

MIN 0.0134 0.0130



Dily Ity U428, Mo
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Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 0.6471 0.8036 0.9204 1.0490 0.6591 0.6201 1.0145 1.1406 0.9342 0.6130 0.9405
2 0.6841 0.8566 1.1250 1.1930 0.9745 0.6536 0.5417 1.0227 1.0609 0.6738 0.8491
3 0.7438 0.8724 1.1058 1.2004 0.5869 0.7753 0.7275 0.9550 0.9499 0.5648 0.9281
4 0.6824 0.9250 1.2135 1.0578 0.0000 0.9771 0.7565 0.9814 0.5838 0.9708 0.8036
5 0.7536 1.0118 0.9249 1.1271 0.0000 0.8002 0.9379 1.2314 0.4322 0.7898 0.7895
6 0.4770 0.8947 0.7426 1.2311 0.0000 0.9596 0.7556 1.0551 0.6929 0.8480 0.5054
7 0.7533 0.9580 0.7790 1.2352 1.0745 1.2497 0.8556 0.9307 0.9496 0.5787 0.6005
8 0.6145 0.9113 1.0027 1.2224 1.0976 1.1131 0.9761 0.9967 0.8972 0.9500 0.7077
9 0.7405 0.8224 1.0127 1.0959 1.3075 1.1738 1.0592 1.0491 0.4187 0.8129 0.8462
10 0.7281 0.9474 0.6019 1.0254 1.3025 1.1872 1.0858 0.4736 1.0369 0.8910 0.6442
11 0.6143 0.8463 0.8347 1.1603 1.1587 1.1796 0.5073 0.5941 0.7643 0.4354 0.8083
12 0.6694 0.8543 0.9052 1.1471 0.6388 1.2617 0.9752 0.8893 0.6578 0.5061 0.7780
13 0.7516 0.8437 1.0346 1.1709 1.2354 0.9830 0.4926 0.8459 0.7777 0.7217 0.7487
14 0.7071 0.9092 1.1242 1.1020 1.3166 ' 0.8010 0.7148 0.6222 0.5244 1.0096 0.8551
15 0.6743 1.0127 1.0632 1.2606 1.2186 0.6503 0.9441 0.8582 0.4057 0.8485 0.7540
16 0.7769 0.8588 1.0129 0.9900 0.4017 0.8006 0.9209 0.6768 0.3808 0.7460 0.5097
17 0.8552 0.8718 0.3163 0.5166 0.9301 07806 0.7742 0.6653 0.4301 0.9256 0.5405
18 0.9054 0.6903 0.8443 1.1110 0.6695 0.7920 0.6897 0.6472 0.7342 0.7197 0.7795
19 0.6996 0.6976 0.7515 1.2785 0.3436 1.1417 0.8015 0.7332 0.8830 0.7423
20 0.6464 0.8210 0.9904 1.1312 -1.2640 0.7323 1.0896 0.6437 0.7339 0.7259
21 0.4972 0.9121 1.1350 1.1997 0.5976 1.1400 0.6052 0.7284 0.7730
22 0.4296 1.0239 1.0590 1.1129 0.9425 0.9734 0.9050 0.9204 0.6617 0.7225
23 0.7801 1,1194 1.1389 1.2097 0-.9507 0.9126 0.6545 1.0480 0.9085 0.7145
24 0.5378 1.0709 1.1214 0.5395 1.1354 .0.9662 1.0492 1.1916 1.0667 0.8790 0.4582
25 0.6660 1.1421 1.1089 1.2150 1.3616 0.9205 1.1397 0.9756 0.8423 0.8752 0.5112
26 0.8282 1.1480 0.7353 1.2742 1.1248 0.7738 1.2118 0.9683 0.6703 0.8838 0.8632
27 0.7061 1.0729 0.8781 1.2152 1.0465 0.8933 1.1645 0.7891 0.9546 0.8654 0.8996
28 0.6562 0.9812 0.8358 0.8659 1.2749 0.6624 0.8607 0.9326 0.8297 0.7951
29 0.6847 0.7243 0.6684 1.0101 0.7673 0.9277 1.0947 0.9197 0.6762
30 0.4935 1.0151 1.1742 0.8071 1.0107 0.8534 1.0270 0.9085 0.8608 0.8015
31 0.8643 1.0361 1.1470 1.0384 0.0000 0.6778 0.0000 0.8557
N 31 27 31 28 18 7 31 31 31 31 31 31
AVG 0.6861 0.9247 0.9313 1.1136 0.8096 1.0014 0.9502 0.8701 0.8699 0.7655 0.7624 0.7396
MAX 0.9054 1.1480 1.2135 1.2785 1.3166 1.3616 1.2749 1.2118 1.2314 1.0947 1.0096 0.9405

MIN 0.4296 0.6903 0.3163 0.5166 0.0000 0.6684 0.3436 0.4926 0.0000 0.3808 0.0000 0.4582



v chily 2001, ABM

Dl Integral UW2ABReciation, MU

Station (L 1340 1(1)37’ Bevm Thailard
Instrument E‘lﬁ%lm"eter (V: Radlm"eter( 2N %my Al

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 0.8659 0.7247
2 0.8535 0.7391
3 0.8202 0.7832
4 0.8564 0.8971
5 0.8617 0.5294
6 0.7819 0.7091
7 0.8889 0.8266
8 0.8164 0.9212
9 0.9009 0.9614
10 0.8729 0.9033
1 0.6948 0.9417
12 0.5078 0.8132
13 0.8253 0.9036
14 0.7107 0.8074
15 0.8020 0.6269
16 0.7968 0.9798
17 0.7679 1.0380
18 0.8269 1.0261
19 0.8156 0.9853
20 0.7069 0.9147
21 0.8523
22 0.7298 0.5654
23 0.7446 0.6840
24 0.8428 0.8230
25 0.8832 0.8942
26 0.8785 0.6355
27 0.8006 0.5265
28 0.6716 0.8665
29 0.8089
30 0.7363
31 0.8089
N 31 27

AVG 0.7978 0.8158
MAX 0.9009 1.0380

MIN 0.5078 0.5265



lZD(ID Seasonal Variation of Daily UV-A Radiation (Joule/m2)

Bangkok ( Lat. 13 40'N, Long. 100 37" E, Elev.60m )
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