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Abstract

Glass-fiber reinforced composite are used as materials for appliances in harsh
operating environments such as high temperature and high humidity due to their
excellent corrosion resistance. This study aims to investigate the feasibility of
monitoring the degree of hygrothermal aging of composite by electrical properties.
Epoxy resin mixed with carbon nanotubes were used as the substrates to produce
electrically conductive glass-fiber-reinforced polymers, which were placed in different
environments, such as high-humidity, low-humidity, high-temperature, low-humidity,
and hot water respectively, and then were subjected to tensile tests to monitor the
changes in electrical resistance, which were supplemented by the changes in the
spectrum of the embedded Fiber Bragg Gratings.

It was found that the spectrum of the specimen immersed in hot water drifted
towards long wavelengths and the resistance increased in the first 4 days, and then
stabilized gradually, and the spectral waveforms, drift, and resistance did not return to
the state before immersion in hot water after returning to the room temperature. In
addition, the resistance at room temperature after 4 days of immersion in hot water is
close to that at 60°C, which is similar to that after high temperature and low humidity
treatmeant, and the resistance rises to the same degree during the cooling period after 30
or 75 days. The strength also decreases significantly after 4 days of immersion in hot
water, and it only decreases slightly after 30 and 75 days of immersion compared with 4
days of immersion in hot water. This indicates that the resistance has the potential to
sense the development of hygrothermal aging. In the future, more short or medium term
of experiments may be able to establish the correlation between resistance change and

strength decrease.

Keywords: glass-fiber reinforced composite, hygrothermal aging, carbon nanotubes,

Fiber Bragg Gratings, electricity monitoring
iii

doi:10.6342/NTU202303943



P &

B USRS i
BB i
ADSITACE ..t bbb iii
B B ittt et e et e e be e be e beeabeeaaeeeteereeates v
BBl B A ettt bbb e nre e vii
e PR RP PSPPSR X1
E e = USRS 1
0 eSS 1
1.2 FF 5 B9 e 1
E N BT B s 3
2.1 AF EHAL B EE T 350 3
2 MR EBIAE T E 15 e e 3
23 FABE A EHHL 4
231 2 FBELE oot et 4
232 F A BE BT I e, 4
2.3.3 % KA E A & HB GUR 125k iy (piezoresistance effect) ........... 5
234 BAHZARBEAFEHFRIORT 6
235 BEHZ AR EAF E MR IZDBE 6
236 2 FAA B A E HAEIT G TR e 6
2.4 T R R s 7
240 R EE A e 7
242 KB F T H I e 8

iv

doi:10.6342/NTU202303943



2.43 F G FURIE et 9

244 F PR R T e 9
245 TR FL R EITIURT e e s 11
2.5 2T RFILE e 12
F 2R FBMA B s 13
3.1 TR L et 13
3.2 P BB AR BEZE B oot 14
3.3 BRI BRI oot 17
BT R TR T I A s 21
1T 222 BT 72 et 21
411 EZHERAEIET B e, 21
412 BACHIE 3 A B E o, 23
413 B E SR EE e, 23
R v S - 24
B.3 HFZHF R EL oottt ettt ans 24
B4 F 515 PTIEIL oottt 25
BA1 E 72 B KIETL oot 25
BA.2 FERETETE oottt 25
A4.4.3 BB MIBIETL oottt 26
444 F B G5 ITH R TIEE R 35 e, 26
A5 F W BIZE ettt 26

A.6 ZE S BT B T (N B s 26
B ERZEHE oo 27

4.7.1 AP BT aBE R 1N 27
A.7.2 FR3 B F B e 27
\'

doi:10.6342/NTU202303943



B.7.3 E T8 T B oottt ettt st 28
474 P ELER A AT I BIOE B e, 29
B T B B R B i et 31

5.1 B 1L P I T S 1Y oot 31

I

5.2 VB F FBLER e 31
D2 L T Tl R oo 31
5.2, 2 I B2 Lttt s e et e s e e saaeas 33

CHE B RR a4k
5.2.3 /,{"ﬁ;‘fé ‘Ef—gg,ﬁ,&‘sa ......................................................................... 40

543 P BB EIGE T B 74

B T I Y 75

Vi

doi:10.6342/NTU202303943



WP &

Bl 2.1 BEFH AP A ONT BB T [28] oottt en e eesses 5
B 2.2CNT 45 & HFEBIEATRAEF]T B BIIB8] et 5
Bl 2.3 SEM Blif: ()2 %0 90°fk ¥ 5 (%)% ¥ A5 A4 ¢ 9 CNTs[51]......... 7

B 2.4 b 57k § PTH 0 Bk R R E R AL
FEET @FEL P T AT PR ()REE T X HkRHT P R(51]7

Bl 2.5 SR RE HARREL BT L BI[S6] e 8
B 2.6 BHE LR EE A LGB LW T 2 BI5]ieeeeeeeeeeeeeeeeseeeeneeeseeneen 9
B 2.7FBG t(a)E dha (b) 5 d Ja? T AVEEIE[61] oo 10
Bl 2.8 FBG A3 393 LB HT P61 oo 10
] 2.9 FBG ¥2 2 K A £ c917F o 1L T B [20] oot 12
Bl 3.1 ()33 AP LA 5 (B)TRE BP0 B A o 13
Bl 3.2 H o BT BT e 13
B 3.3 B S A ittt 14
B 3.4 B ot 14
Bl 3.5 423 A FTAE D () B (F)7 FEE D e 15
Bl 3.6 B 2 F i o, 15
BI3.7 BFH I (Z)EBEE I (F)7 BB 16
B 3.8 FZAEA oottt 16
B 3.9 SE SR 57 B ottt 17
B 3,10 K ERE 324 ittt 17
B 3.11 B it A 2 B ottt ne s 18
BB 3.12 B B I8 oottt ettt ettt ettt a s 18
B 313 dEIE 7K oot 19
I R e e ST 19
B 3.15 B 2B oottt 19
Bl 3,16 F IR T 4K ettt 20
B 317 FALBIBIE B oottt 20
vii

doi:10.6342/NTU202303943



BBl 308 o B TR 3 ettt b et e b e bt et 20

Bl AL % B & TR e e e i e 21
Bl 4.2 BF s P BP0 H BT et 22
Bl 4.3 3BT ~ EIE g~ AL H BRI et 22
N R T A - OO 23
Bl 4.5 JEH 2 B S8 B e 24
Bl 4.6 38 5 5203 F5UE B e 25
B 4.7 S2N4 ;=3¢ #1-k 75 % {4 > j&_60°C " FIEHE 10 A B, 28

83
B 5.1SON7 B i* e P BAR % 1 (Z)F B A S HI S aipt ; (&)

R I L e s 7 O LSRR 31
B 5.2S59 F 33 F sk e FAH AR HH T 1 (2)SON2 5 (£)SONT..ee, 32
B 53S9 T3 F HRF I FIH FHEFH RN o 32
B 5489 T3ty gl (ZPEHFFT (F)TEET 33
B 5559 F3 > igiE R > Gl (PR FHRT (L)TIEEDT i 33
B 5.6 SONA T |4 WA H R T 1 (2)2 e f 5 (F)FF P 500N e 35
1 5.7 SON8 T %4 W F i 1 ()7 o A %5 (F)F % 500N oo, 36

Bl 5.8SIN2 > F 5% 29 % (3£ 0 MM 1 (2)3 B f 5 (%)#§ » 500N ..36
B 5.9 SONL ** 37k 4 29 < R W AFH R 1 (2)73 kb § 445 (L)#f ¥ 500N .36
B 5.10 SON3 ** iz % 5 29 X S WA (2)3 F f 45 (+)#§* ® 500N 37

Bl 5.11S9N4 T2 i R RL g D ()30 B R S ()i, 37
B 5.12 SON8 3|4 TR it 2 ()W I E 5 (2)F 37
B 5.13SON2 Sk ZIRH 29 % (440 THFT ()RR PE 5 (F)mf..

B 5.14SON7 > H 3 B 29 A (620 TR ()RR B S () ...

Bl 5.15S9N1 *vagf 48 29 X e &0 R RLg i ()R W R 5 (F ) 38
B 5.16 SON5 ** 24 45 29 = {40 TPe &g it 1 ()R 0 BT 5 (L), 39
Bl 5.17SON3 »vigf R 29 X e &0 R L i ()R W R 5 (F)Fr e, 39
B 5.18 SON6 ** 4z K 29 % {40 TPesgit 1 ()0 HF 5 (L), 39
Bl 5.19 S8N1 gz @ 2R Hp AFIESH B 10 40
B 5.20S8 *t 55k ¥ 8 > B P R AT T B 1% oo 41

viii

doi:10.6342/NTU202303943



Bl 5.21S2N1 B 8 MR 75 X BP B AE 2 58 10 et nrt e e 41

B] 5.22 S2N1 £2 S2N6 B 8 MR 75 X 2P FF T LB 18 i eeseee e snae s 42
B 5.23S2N1 B iE MR 75 2 (& " BB AR I oo, 42
Bl 52452 B8 MUR%E > BEMIBRTS X SR TIEHE N s 43
B 5.25S7N1 B F MR 4 X (2 5 B FHIE R T o, 43
%] 5.2657 B % P BIEEGRA X EEED B TR e, 43
B 5.27 S2N1 B iE MR 75 2 % SHF3E R 1 o, 44
) 5.28 SBN2 B ;8 M 30 & 5 (S BT ZE B 11 oo, 44
] 5.2958 B % o BIUEMIR30 X BECED T ILR e 45

Bl 5.30S2N1 % if M R 75 X SR WARHFR T ()2 B A (%)@ w 500N 46

Bl 5.31S2N1 %8 MU 75 % (50 TN ()R VI F (L) 47
B 5.32 S2NA LB AT ZH S 1% oo eeeeeeee e s ee e s s e s es e s se s se e s e seresenes 48
B 5.33 S2N4 ;252 #-K 75 % HP R AT 5 1 oo eeseee e eeeeesese s seseesesenseesenes 48

B 5.34 $#0 S2 2@ R AIDIES > B FORAIEY F T IEFE L e, 48
B 5.35S2N4 /2 e /R 75 % (Z)fe "B RAFHE T (L) SR FH R 49
B 536 " PR 1 (2)S2EE# kIR 30~ 75 % {85 (+)S7 iRiE Fok e

B E 15 oottt ettt n ettt n et a et en et et e 49
B 5.37S8N4 22 #-k 30 % (Z)Sac P F (L)ig-kmis SFHBT o, 50
B] 5.38S8 /272 #-K 30 X (S50 I B T I 1L i 50
B 539 Z @£ R B0 FT@d@? o B R w2 RO R B RMEI ... 53

B 5.40 S3N5 =g #-k 30 X e WARF R 1 (2)F B {5 (%)#r§w 500N 53
Bl 5.41S3N5 j2ie #-k 30 ® Bac s W MEH R ()2 B 5 (F)erfw

B 5.42 $prd * o W PFen PRI HIETIRAEE TV AER e, 54
Bl 5.43S3N3 Wiz ad@is 0 o O R A RA 5 AP ¥ ¢ (a)e~ B X
R (Y = e 10 oo =R 56

1
[EY
o
o

B 5.4453N1 B R 1B 30 X (54 @ %7k O R A KA F B dE @ (a) %t B 5
O[O o) e =i e 1010 0 = 57

Bl 5.45 S2N8 26 #4-k 75 % {54 W #75 284 O B A S F A ¥ ¢ (a) e

doi:10.6342/NTU202303943



2% 80 12 5 (D)X 23 3000 5 weoeeeeeeeeeeeeseeeeee e eeeeeseeeee e es e ees e ett e eeates 58

W] 5.46 S3N3 Wiz AR (S22 W ¥ 5 O B A HH5 ¢ F AT L 8004 F 2 Bk
BoORAIZL RRETH T F o s 59

B 5.47 S3N3 5o AL (542 W #75 O B & P 80 A F 2 Pl 1 %A
AP 1 (a)t B F 1000 & 5 (D)t B F 3000 B i 60

Bl 5.48 S3N3 Wiz AT o £ W %7 O R B APq R R T B P HV AP 1 (a)c

LR E 300 B 5 (D)3 R B I 3000 B e 61
B 5.49S3N1 B MIR30 X o W Mo O BRA A I HFHTE (e, 62

B] 5.50S3N1 B /§ MR 30 X (440 %75 O B A AP 3 L RSP EAF 5 ! (a)

WA R E B0 R 5 (D) B E 3000 B et eee e er e ereeees 63
B 5.51S2N8 ;=& #4-K 75 X {54 W %75 O B A& BP0 B AR oo, 64

B] 5.52S2N8 iZie 4k 75 R (440 %75 O B A g 3 L RS P A E 5 1 (a)

A R E 400 B 5 (D) A B 2500 B oo 65
Bl 5.53 S3N3 Wiz AT (s W sk G A PR A B P AR (et BF 50 B ;
(D) % 12 3 3000 1 vttt en ettt eneeean 66

B) 5.54 S3NT % iF MR 30 X (580 5 g Mg Bk A Bt Ae o (a)3c 4 B 5 40
23 (D)2 A 123 3000 1 cvoveeeeeeeeeeeeeeeeeee et e eese et e ee e e een et et tet et eees e eereaens 67
Bl 5.55S2N8 iZie 4k 75 % 15 £ 0¥ %k & HHo 2ok A B Ak 4 ¢ (a)+ B & 150

25 (D)2 % 3 3000 B ittt 68
B 5.56S5 5o P H ¥ = B ZE R T FE I 1L e 70
Bl 5.57 S5 2 B FEEL T FE S 1L oottt 70
B]15.58S5 B MBIERIEREL ()% 1XP 5 (+)0E30F s 70
] 5.59S5 B 8 MR 30 X (85 R FE B 1Y e 71
B 5.60S5 =g kPR RIEFT ()% L AR 5 (F)02 30 % (s 71
B 5.61S5 ;278 7K 30 X 15 P8 1 T FE B 10 oot 71
B 5.62 SSN2 Jak 4 T IL 1t 1 (Z)BAR 5 (2)F o 73
B 5.63 SSN1 #2'% { AR AW R ILR 1 1 (Z)BA2 S (5 ) e, 73
B 5.64 ( = )S5N3 (+ )S5N6 ,,‘,a#uj\go%&ﬁ;%;}mé A = L 73

X

doi:10.6342/NTU202303943



% P&

Fo 8.1 F IR TE N BRI BR Fe oottt ettt ae e, 27
3 8.2 2 B B TR AT H L I8 E ettt et e 29
2 5159 F T3 R P IR 1S R T 35 B ettt 34
45259 333 A BPIRBE ISPV BB AEE T B e, 34
453 BEMIB30 X EITEENTIEE RoFIE R oo 45
%54 3EMB30XTF EAGERY PHAELR e, 46
2 5.5 B E MGBETTE 55 BB 1Y et 46
7 5.6 (B F K T IE N 15 Y B ittt ettt a et 51
% 5.7 B FE KT I R BIE 58 B B 1Y e 52
# 58 Zie#HR30XF ELIHEARAELE 52
459 7 b8 B AT AL AIE N BT B e 55
5.10 S5 5 LA M IKZE W W 55 B oo 72

s

Xi

doi:10.6342/NTU202303943



doi:10.6342/NTU202303943



-
P

.

1.1

EHBHAM SRR FROA Y R fad 0 Y BHER LS
HEMBER2SMAP R - &g A o S it P (Fiber
reinforced plastics, FRP ) 4F & 4 chifp 4t o 2 g€ & ~ 11 d chpufrdic 4 o T
I3 G e 1 9 9 (glass fiber reinforced plastics, GFRP ) 4F & #1414 # 3073 + 73
TS B Aok E s~ Bk dE  ARK T R s B e b 4 R RS o [2,3]

BAM S G TR AP W H BARGR R b foaf iV E 1 F ALY (RN
KE FRP chfi#f[4]- 2hm > T_B P B F € R R &P it > ERE PN T %o
[2]

1A E R RE T g E MBS ER S T hEE M '
Bio X ERFR LAEF P XD E T g2 R RN IVER - F 0 3 ¥
FRP chigfitit 22 f 6 g BBHE A M RBAL FLEFAY o
P e F F 3%k Gk k4 (Fiber Bragg Gratings, FBG) ~ T 1R £ ~ #4538 5+ - L @
H[S-TIEt M BB E R g - [8]

g ERG N FRERFIAEL T ET 5 GFRP » 7 - FRP a4
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22 I TALE RIATHE
B. Bian, G. Xia, J. Li, S. Shao, Q. Duan v Q. Xie[S2] & # 7 %k ¥ s /B a
Poom o TAB17 EiE 840 ] PEehtoid Bk (RS o BRI ek (L PEE 5 R

-~ -

fo s AR s B e c BEAP P RTR

-

i m B %

Fﬁ

= Ay

(flashover voltage) P &8 ™ "% o g & _F] 5 & it LA F 3 fof o B ol i o
W A R R TR R O PRTR AT B
W TR  cF TR EVEERET AR HR B R
B <~ 7 1t end 7 0 R FIE g R st o A R 4R st A o
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23 A FRFA & B

231 3 % E‘{?

- ¥ =% F B¢ (single-walled carbon nanotube, SWCNT) ¥ 4R % $54=— R i»
pa &’fﬁ PHR R - BEYF o  SWCNTs ¥ 2 E & B~ RPN ) FH
2 % 1 |4 (small-gap semiconducting) » &P~ AR fhe ST B K 1 % o [28]

@ — 1 % B3 5F s g (multiwalled carbon nanotube, MWCNT) & _d 5 i 4z 0
FEGTES > NEERATEERS N R G KD RN 2R o d
5 fik < SWCNTs » MWONT &1 & S4f € 4eif 22[28] « § % J*[29, 30032 5
MWCNT g &+ @ ﬁgal B e i~ SWONT engg i 0 %] 5 820 383 i MWCNT 03
ot 5 AR ek et B enlfl4 o MWOCNT @ 423 I & FE(intrinsic resistance) &
0.2-0.4 kQs/um([31, 32] -

232 % FALE RE AT BT

BrELPRESY FAER DR H RS o T UFEE R BETHT
* o2 2 ek i 12 g (percolation theory) & f2§8[33] - § E MMM L BB 0 E T
% % B {8 (percolation threshold) » {f # 25 X F i §2 o o >0 H H 7 M F L3 E T 3F
Feri% 34 B (percolated pathways) > AL ek Bt foa feb d aMER 7 £ 7 F
RETHEMPEDELFIF - Flot > 5 IFHRMEL s RfrRF & T
MWCNTs » i Afii<s 27 4 ek B 71 - [34]

CNT #f & #1 #(carbon nanotube-based composite) & Fe.i & o & 84 3 ¥ > %
- BECNTs e @ > RN 5 - BRAE 2 B enf e s 2 B enf e
ARRE RS BRBEAORTE R V- BERE LT RHOE AT
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(tunneling resistance) » R” 5 4] 2.1 « 3/ T[22 578 & f § (4 cob o> KT
}'J%"F kQS ’FK’J; - ;; o E%})‘?‘}{E? E; ;\:(2.1)%\’ _/__F :

RT = Rye?s 2.1)
# ¥ 5 FBEK | %R (bias voltage) » * HEE 5 4875
1 S
Ry == (2.2)
A= C,VK (2.3)

¥ #C 2 Cy 4 B] 5316 X 101%4r 1.0125 » K 4 T35 F = (potential barrier, ¥ i+ %
eV) > SERH(E =3 A) e [28]

B 2.1 B &4 AH7 7 ONT 3 B 7 [28]

233 2 ¥ E"L? 4§ &+ /R fE 3% i (piezoresistance effect)

% CNTAF &AL 4 R %7, > T & ¢ F) CNTs 2 ¥ cndfif 2235 ppedp
R E A R IERARE R AR > 0 5 A ONT 8 4B PR 220 (28] -
4

B S A T BRI ONT AR & HHEL 0 bl % 5 [8, 35-37] -

> Compression <. 0% Strain <3 Tension >
B TN
7 NI P

Bl 2.2 CNT 4F & HH R re»o i #8417 & BI[38]
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234 BREZ KR EA &P T IEARE

FEIFTHERCONTAH EHPOTIEEEEREB A T 4[15,39-41] > K,ért K
MWCNTs & & & SEig & F = @ %15 "% 1K[42] > § < Fr[40,43, 443 M3 B 555
AT LEE 0 3G A B FIAE D A Rk (g 1L (thermal activation) su PR
MWCNTs z_ e 2 » HRCNT A & ML enT g o ¥ o > BRI g e
A AR ien B CNTs 2 B enpedp > o L FCONT 4F & L 1
ik A

235 BAHZ AREA & HPTLILAPFE

1 2 JR45-48] - SRR PR E B 5 B H S ONT 47 & HH i 417 6 7)
Bz - o B AP A FRAETRIURF WEEE F b o B8 ONTs 2 fF eh
BE3E 5 = 0 -k A 3 4o ONT #-2(CNT modules)z. [ enF jr i 4% 2 2 # % CNTs 2
B R g i 0% F i B (Fermi level) - = » CNTs F]s sk A+ FRpP AT e
b o M UTRE M B AHM O CONT 4 & M A & 4] B R S Fao ko
" > CNTs p i PR it B8 ) 7 00 £vi [49] o

23.6 % K ALE B ¥4 & HEAT S R
Fi > K& R 4 & #1F (composite laminates) dF b 04 A4 5 A Bend i

NodrA R HBE L W A EMPEESOR DA F L R o LG A
P 51~ CNT > 5 A A L F 403 2 245k - ONT % ¢ 30444 2
GRPIEY A o how iA%< [50]#47 50 > ¢ 4 3% 5 §I* CNTs i& 7 FRP 4f §
TRl e

5 1 FERAR A MR i F B AR Y chdf i i B B3 s & 2y i 0 Thostenson
fo Chou [S1]%F FRP & 4% i& {7 J 7k § §“(cyclic loading) » % 3R WL B 430 907 # R
B0 BRIl B M AEF f N Bt fo > X A M M4 G BB D] CNTs 44
JERCPREE SR SRR R T SR T LY * E LRI )
BooAr@l 24 HEB AR > TR BAAREY R I EPFTIEER
AE et Ao BN H - B R OERT BRI ZREOTESE - o
HAAEATH R - B R2) > 25 ERATOHERS S 2 ATOAET e
Bl 2.4(b) -
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UDEL LE kV

Bl 2.3 SEM Bl (2)HE> 90"k @ 5 (L)% F #7554 ¢ 5 CNTs[51]

b -=-= ARLL (Qlcm)

(3]
™

- Accumulation

(worRs) 1YV
Strain (%)
(wors) 178V

.7/ Deformation %,

(a) 8 v T T T T
F
7 b -=-= AR (Qlcm)
——— Strain (%)
6F
g5
2 ,
£ 4 o
£ P
n 3- i "-
4 \
2L .'\. ;
& N e ‘\
1F n AL u
L i
0 1 1

Time (Min)

Bl 24 il Ak 7% 907 Bk i R KA EHF ARG AL &
FREAL C@FRLPTOTEEE ORENF T X FEROT PR[5S

2.4 F A kg K

241 &4

kG T R BE T B phes BT A L SRS (core) 0 ¢
(cladding) » & 4 (buffer) e 4 3% £ (jacken)[54] - &
BA g RS R R B ed s [S5] - ¢ K d By Rl

o HRTEPROC RS 0 ¥ AT 125 pm o B R Rk X & RATHAR

% (scattering loss) s %* o foir ILAF 5 -
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En Y BRI 2R SR G o Fle K TR SRS g RS
RGBS R A G0 2 or BEA AN TRE & PE o~ BER D IR R S
oo TR RR B o TRl A B A G e A TR S G M AN Q24)

0, = sin_l(z—i) (2.4)
B G aT@h & oy ~nps Bl kR A 8 kg Fadrst oo

KT AP PR BicA 5 8 03RS (Multi-mode fiber) ¥ ¥ #75€ 4 (Single-mode

fiber)[54, 56] :
(1) 3 ik 4

SRR Y N e 0 BT E S > 5 50-62.5um e % E TRk
FOLEFE S A e SAELE Y W ER R B Pl RRIEE 7 PR
T B o iHIE AR ﬁg::}fi@ﬁ;f]ii}iéﬁ’ﬁ %:9:@@?]&&%& » % 200-500 = = o

(2) ¥k

HEH e s e > HEYE /25 53 10pme d T E SR

b R R G- AR R > deB 2.5 GE dost o BRI AL ScA

4 %k 4t 7 (pulse-spreading) *L 4] 7 o

Different Modes

LA o

Multimode Fiber
Cladding

I

Core
(so small that only one mode can pass)

B 25 kB E Lt BT i B[56]

Singlemode Fiber

242 %@ 3 FE -

£ GBI hH F RO, FF mW S W S H e B4 6 ¥

" dB EH 4o 0 BFN(Q2.5):

doi:10.6342/NTU202303943



L =10log, F}’jﬁ“ @2.5)
Be o LE#dpds o i dB o P Poye» W) 5 8 ~ 28 01 chesd 5

BOa Rk FH dBARRRAERF AL > FlytF 11 dBm i H A 7 # Kb

Pm
PdBm = 10 logloTW (26)

H¥ 5 P %0 dBm % 8 mehw X 5 Py, i mW L E s oo [57]

243 P REE L DRI

Bd b R PR AT E R R > g R B THRHF AR > o B ] R
A A A AT e R 0 T R R R R R o TRR S R U
£ B RO [58] -

* $f 5k 4k Sk 4 (Fiber Bragg Gratings, FBG) sk i #p -] » X lum > % 2
k£ B 12cme @ FEHFELEDE S 2RI TARI - F TR ELRFL
FBG» € F 8¢ F R & 5 7 B MM > doBl 260 Y #RRALT Y
227NE A

Ag = 2nA (2.7)
Be A FERAE > ni BTG 2drstF 0 AL K4 [ EE o [59]
Bragg grating
Cladding \ cOre
|

7\‘brood {/
Ay

) ;), ik

TR A
e FHE HHaeEa i’s%%&’&ﬁ*

A /

- / 5

Lo / 8

Do / £ |
[

Index modulation WO\}eleﬁg‘rﬁ

Bl 2.6 FHp e R iEH Ak ek T & RI[S9]

244 F 2 RER L P
FRRAE GRS BRE® i (28):
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Adg = 25[(1 = pe)e, + (§ + a)AT] 2.8)

HEOMpa TR LPHEL Qi RFLRREL 6,5 KA TUL% 2 p, &
k58 ¥ #ic 0 ¢ 5 # R % #c(thermooptic coefficient) » a 3 £V 5% (h8ic » & 3] k& F Ap
5 1550nm e, F F A lpu K AR 6 AL A E WA Y 1. 2pm o & F 2 1CF SR
W e AL A LBmA S 13.7pm - [60]

FPER R FERDS e g F S A - B LS B
M B Ak 2 B RS Bl 4 A 1L [59] e

FBG & - /| fiehisbip § F itf2 B o § At 3 395 BB > 7 kD

T AW F bR PR R BAEE 0 dp e S B hR SPEECE[6]] -

A% Y
1 Oy
g
O, X T, X X
dBm ':i> dBm

| i

.fr .\ ’ { A >?\

AB AB

(a) (b)

Bl 2.8 FBG &7 3593 p %57 5358 k[61]
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245 % PR Bkt

FBG &5 /] ~ 4~ BadF 4t > N2 LB+ OB © F 7 7 % FBG
* TR & R B B e R0 1 [62-64] -

Karalekas % 4 [20]4FBG p #2 &3 /5 12mm cnF1 4k 5 § AP0 0 252 3¢
50°C ez -k ® 2330 /) pF o HOEgl 5 skt chI g > Bl 29 P B R 4p i i
* FBG B BV M EZPITRE AP BREECHBERORE ) BV NER LAY
Rl s BOUOR Gl s MR S S E MY A Mgk E 3 Fpdigias A
HRh G ARl 4 o

Mieloszyk f= Ostachowicz[65]# FBG 4kt & GFRP 2. fF 2 =3¢ % » jRie fo
60°C th3 3 kP o FT T % 4 ke % d FBG LBl > ¥ R TR
DRIE ) L SER T ST A

Z.Fan % A [66] BT 1 - fEEPpERD THREGRL 22> UFFTRABRE
BHERE DL RIER TR B EVER TR o AL 48 5

FBG * 2 ¥ £ B-2B-M LT § 7 7 & (metal-to-glass—ceramics electrical

penetration assembly) & £t P Tk € * A2 PG R EE R 0 £ AR e
L A

S. Mohanta, Y. Padarthi, J. Gupta f= S. Neogi[67]i# * 4 » ;* FBG & B|% i* i
#2¢ A4 cHFRP P 3RS R % o i T B FARMEBRRRE TR REER
PAE A PR A R E R > R A 1T S IT o e PER R T A & M A R
FRIMAEL DRE P T RFREEL- B RDRFHT TR E LR
AR A R el o

H Ak 3 fothd 2[68]4 FBG P 32iea ¥ AF 41 H i endp ¥ alY > g 0 @y
3 60°C T REE 30 X M 2 AP B A B AR R o 2 ok o
Wy F 7 HEROP £ BT P X B RORR Y B FBG a9 ik i 81 foif
FHBPDEIRT R BB RO o AP I R R - AR A
HF F i R TR NS o kY MR o 2 AP A TR
FurEfE o

T
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0.5-

o
s

Normalised intensity [-]

=]
w

o
N

g I\

1300 {7‘99’""‘!, ; — 1un 313h

Wavelength [nm] 1298 2n Immersion time [h]

B 2.9 FBG w fc-k & 14 ek pkit 7 % [20]

vsog"”; S A
408h

2.5 —:’ngémg%

WA H B AE TR e 3 AL RY A RS F R HIBRRE
tEhak o B AR R 4 N FBG AT HAE PN % kR FHRE M
it %1 > 2 FBG ¥ § v¥keal & ¥ it § BEom JURBE fRATEYE o 2 7

- L

HENTIHL FBGRAEH B BF hE R A7 5 B ogﬁﬁép;@w
T U ERATH DR EE " o Y K ARCE T B BRI R
B R R F ERDOTIEE R N RIIFA MR A G bR
iR o
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F=% RERHEERHE

3.1 @5+
AFETRE AN SR Ay 1B

AL ARDE BRI AL BADAIELA B 5 SWANCOR 2261-A »

SWANCOR 2261-BS - 4] 3.1 -

L EEERGF AP S AM(LT

Bl 3.1 ()R F B i &5 (%) F g B &
AETRP R s E e g R At c PR PF L EZ L ERGT R

A% FCLY3GUDI180 - 4§ 3.2 -

B32 Evgmidat
ARG A AR B AN LS 2 RS PRNRF 2P 0 A
5. MWCNT-NH3-STD -

AFTREETHERFERERY > FLREY IR NP L TERYE
TFEF AT o A HAHE A 0.025mm > A5 E A 0.035mm > ARG 4 ET

*A Y % I FBG 4K R AT BiEiE 1542 nm chgp ok B B A o B ag ok g
i3 % 5 Fibercore 2 # » 4|55 PS1250/1500 -

ARG R GPBER S SERNREARF G I P W e 4 Rkl

b

ey

A5 30gm?e 4@ 3.3
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S /\73 g

Bl 3.3 B4k A
G e S A S B COREE R SRS
27 WEeng FRP £ 4c1 2K 30mm> £ 25mm > 5 3mm > A & 307 > 4o

3.7

% *T2 7 )5 LUSH M083 -

o

AT IR WEFLRT

32T WM A
AR Y 2T ENAEEE W HF 5P A LMS > A5 HTS-1003 -
ARG AT 2 Az s o WiE F 5 Hielscher Ultrasonics GmbH - 4 55

UP-200S - 4] 3.10 -
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B 3.5 A5 A - ()R ()7 BFER
Ayt 2 BN AR FAARRERGG LD A5

Tanker230 - 4[] 3.11 o

MG AT 2R A > Wi B 5 Airtech International, Inc. > A 5L
RB451 -

NG AT H ii’—:’?{fﬁﬁ » ®:¢ % 5 MICCRA GmbH > 4]5. MICCRAD-9 - 3
feern? E A% Vario L o 4- ] 3.13 -
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B 3.7 3258 ()EBRE ()7 5FR
AR TR RS W H S BRI P 0 418 ZS-L6201L © 4

B 3.14 -

AT 2ME U FEFR2REF LT > 315 DOS-45 -

AT R 2 HT R E Y W F R ET R ERGF T R
# % SDCI40R100BCWI1AIRG -

AL ATR Y TR R W S FRG G AP A5
KCF-52AHD - #5 {467 #) 7 2] &

AFF G AT 2 kg B f 5 P A e FURUKAWA » 3|50

FITEL S324 - 4c®] 3.18 -
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Bl 3.9 kg7 24
A A 2 R Bl 5 P~ FURUKAWA » 355
FITELNINJA NJOO1 ° 4= 3.19 -

i
SINGLE HODE

£ 007 GOMN
S8

£ HgER

310 55 4

33 KRB ERIKHA
AET Y AT 20 8 i H R iR 5% 1% (Material Testing System, MTS) » A 327 5 K
BEEF AP AE MTS810- P a8 <4 R ¥R E D o 4o
3
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B 311 §av HALEsk
Ayttt 2 ERRERS WP AR FPERFG AP A5

TTH-BIT-S ° 4] 3.21 -

B] 3.12 2R 12 R4
AEF TR 2 5 R KH o B/ F 5 Firstek Scientific Co., Ltd » 3] %% B401 -

4§ 3.22 -
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.
F3.13 ik
AR 20 FEAERRG G IR P L AR B KT
55 0 F A n G o

AFE L ATié * 2 B HE A 47 iR (Optical Spectrum Analyzer, OSA) » #i 7 5 %
3 @ 0 3150 MS9710C © 4§l 3.24 -

B 3.14 k473~ 7 &
AET RN 2 AR KRR WG H L AR EE kT 107 > )5 ASE-
2200 - 4 3.25

B 3.15 FHAE R
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AR 2 TRk Wik P 5 £ 7 Keithley R E 2 7 > 4150

2450 SourceMeter o 4] 3.26

KEITHLEY

T i A = e AL .

Bl 3.16 = hw 4k
AR AT P 2 TR 0 & F P W Rk ¥ (National Instruments, NI)#7

4 A2ehd#a /O fiwm + > A5 USB-6215 - 4§ 3.27 -

B 3.17 FHIBK K
AFAT AT 2R R AR 0 5 COMET i e (im0 = BB A » 3
5 WS-A7 o 4§ 3.28 -

B 3.18 RiRA
AFTRYZRIEME SRR CFFTEREY cEFRLAEL L
4 Al#F 5 T B dege(Hitachi TM3000) -
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S FEHFEBE
4.1 3% 4 1E

411 E W i agii+ g
1. Aafligz@s 2@ P ALK ¢ g AF RS PR f o
FE kA o ol 4.1 -
2. TdFiHTE AN MR IR AF RN R R o R RE A
GFint BERE
3. M EEAT B R PSRN A R ST
%ﬁioi@i%#ﬂﬁ@—ﬁg”%’&iﬁﬁﬁ 4 F B R
1E WA l’»b?’fﬁ«k 4oRl 4.2 ©
4, R F FBREIMGREEE > LRI 2T -

5. 4 AWH o P ERMAIC L4 PR DRI PEERF T
AR TT S AT E R BT ER R o doRl 430

S
6. 4 E W drF 44

Bl 41 * e fLy
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412 RAcH g 5 R Y

1.

© N o o &

#-420ml 2. ARV T REACRBIE BRI RIS S dd o 1 HF MERR o
TR AL BiF T S ¥ i heat: 4 - stirrer: 3 ©

R P AR R CNT £ F A kA A T #2782 CNT & »
A B g o

BB fo ONT h A &) AT A A 3408 R L ONT » 5 A 48 - 18 17 S8k
% Amplitude: 50 ~ Cycle: 1 -

Yot

by

o2 T o

it o

Fen
E-)

=

UES RS IEAE 18 A 4 o i 5 21000 rpm ¢

EZMEeIE K F e o
Fekit ¢ izocOuvé‘%“%Bﬁ‘d?ﬁ“ﬁ;éﬁfr&%%#@}:%o
AR B A =100:25 2.0 B » BA| > FOUIRIEEIR G o F TR
ZE o

EEMER VAL AR IF M 1) pE e

413 A2 A FpF L B G

1.

i AT EFEARFLI6 ]E%;{;\:ﬁ‘;g_‘};]fb °
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2 100°C 2 2 ) BE o R A (S F L IR o
VUBEE Ry B4 B S F 25 mm o

foak AR g i T A

a > w DN

VLR R E BAGh o B EUREA A B BRIOERM > R AR X
CF &Y LKA EEER A e BE o
6. Mkt d kLR Pt BiE R A MY MR L A o AR

gk B AR T Y A AL - 4ol 4.5 -

Bl 4.5 BH == agd

42 38 ¥ ehphR 3%

RET G A RS < 14 ASTM-D3039 45 o BT H 3R * A et 4 %k
£ 225mm> F25mme 3 AR E F FRMA R BRRDOELZ T AER 03% - 7 L %
BRRLFIZ AR RV HUEZREY ST - St PR )Y
B  W6 K 0 5[0/90/90/90/90/0] ¢ P IS G A B - ik Y s
R AT 246

— AR e & 5 [0/90/ 58 4 /90/4F $5/90/90/0] o kR » FIF i aHE 150
mm > EH AR ~ 22 90-110 mm Aue 4F 50 > IR AF 10 mm o

PR R AGR T il B S [O/BR R S 2/90/4F $5/90/ Bk K i k1/90/90/

PR IA/0] o dF ST ~ BB HRAEF 10 mm o

4.3 34 3% b &
~ 3 &P FBG 7o 3 > % gg@ﬁ*ﬁﬁ%;&ﬁﬁﬂz%ﬁ s Bt~ %@ﬁ;ﬁ%iﬁz_l ,

d 32453 FBG I #-F S @ T3 3> L 42T RAF A 47 R ATHE ek BPAE 3 o
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4.4 B 55l

44.1 e Bk ASE
RARARBE TR R ARSEE R BREY 4 S RRRE
HER D 60TC i KRR R R ROT 60°C 0 MR R R 2R A kY

FEYEEEIRHEL O kA E AR

4.4.2 35 % R
EEEE A TR RIS A E RS IS TR TR R Y
Rl V- BRRRIGCRA GO RHR R NARI G T RF ALY £ %

Rk Y (T ARG SR R 0 4Bl 4.6) - i A 4F £ 8 (Room Temperature,

RT) > 4p $4i% B (Relative Humidity, RH) 5 0-30% -

Bl 4.6 3% 52000 )
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443%/3_'11 ﬁvtajm
i ERER o BERRRIEE KA 60C 0 RH & 30% % if MiBkIL 7
27@_, _ﬁ_{%’g ’é:fq."f.ﬁ'_* .} N ,}3;@%@9;3 o I'%f;:?x;b TP ﬂ)"imﬁ z'%rs iy

AR P BN R Y R AR R ROt R R g

444 R a2 R T EE RGN

LR AT T B SRSV AT - BRI 30 £ 0 B 20-30 4

4.5 $ W Bl

P gAML R A AR P RRTIRES o 20 BL AHrgR
¥$@ﬁﬁé%ﬁ%ﬁ%%$%ﬁ&’éﬁ$é—%%k?$&£§%%ﬂ’ﬂ
PR P FRRE P B SR AR JH Smm 1 b o

POORFIRPORAETR 0 A ERTREY A2 FEE§ LG AIEE
A4t D SON £ 500N 8 > & - finiz @ R HFDRERESF L T S00N &
m%N’Q%f?ﬂMNﬁmN’Eﬁﬁ?iﬁﬂ%oﬁf?smNﬁyﬂhﬁ
ek WRIIEH - ERIFBERDTIERN > A2 X - fHehdk < § 17~ 500
N~ 50 N g 3 o

B WHE TR - o TR %k%ill?%ﬁ?ﬁ?m’ﬁ
PRI S EINTRTR A RFTILE 0 AR LATIRE P

TR L SV BB AT E -

A6 BT AR BHRILANE
AP EBRFEY TG A RT3 5 SOINC] o S A ¢+t Bl > o — 3
SR RA RS A AR o N J PR Y A FE
B Bl AP L AR Y T R AT 0 BRI D el
ARt RO AT R RACL N RACL SR o F P R AL
B i 4,

P

o

p—
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Fe 4.1 F B JI2 LR A

T B L g
WEBELE ) DS HRUAREEFAPEF > TR TRE o P
(Prepare)
Fo Rd2 o 333N 2% 48 o (Dry Cabinet) DC
Fo W IR o 32§ % B o (Dry Bag) DB
B R MR o 3R R o (Heat) H
BOR MR iR KA @R R - AT R EIR - HD
(Heat in Dry Bag)
& 7¢ -k - (Immersion) I
R R STA A SR T SENE R SRS T 1 pDC
BORURA R HFOKS 0 R AgE o H R R o pDB

R4

4
i<

B B AR 0 B A SRR

5
FE S FZMA A X ER S S A AR P BRSNS T TR

4.7.1 #Ho5 T R R

57 fRAR B R - SRt W) T RR FBG Ap sty
Bowo~ B AR RS~ SRR KRR D 100°C R ~ AR~ e 2 o]
I R R U S

472 FBF BF
R R Y . ek AR L

oo Bl H G HE R L TREN  FRNFRERR  FOTICRE - T

WHHE R e A PR ERERHFETIER R RERY RRREFT R
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RIF HRINA 0 20 RBRERE SR
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W
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Ez\
g
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=
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M
@
F
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(%
Yy
K2
=
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FHRLA S 5 P EPFETRRERTHE D TSR 0P 22030
oA RE BRI AR RS SR 4% .
énﬁ%éé%%ﬂ?%&gﬁ@ﬁ—ﬁﬁ’% - Pk R

TR RRAIL . 52 {7 fEF P OTIERT > PR RAIE R

—,t—! /)»/E?§1L ]\ﬁﬂﬁamﬁﬁ;«}{‘ﬁé ’1‘;‘_%“]\‘:; E/?Jm" E.,PE'FI {;"";é‘ i&ﬁ-]‘
oie o BRip o B 60CHEE 10441 BEFER o 270 RRFEF 10447

TERAETER > SINA AR 7S X BRI TGS 0 £EHITE T 10 A48 E P
W AAT A - R ARl 47 0 T 0 ek amE Y > 8 2R ] 60
CHREFELFC > 2510477 EF

WCR AL e T BN o £ R RASE TR E Y T LR A
42 -

S2N4
-20 . = : .
cooling after 75 days of immersion

— ) ———- 7 min.
D% =30 | —— 10 min.
2
2z
= -40
i
.E ]
ot
o
2 -50 —
o
v

-60 I

1538 1539 1540
Wavelength (nm)

Bl 4.7S2N4 =2 #-K 75 215 > K 60C B L 2E 7?10 445
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% 4.2

%2 =

S AT 5 i

v R
FERRIE k| RBEAE | AEGGE f3E
SL | SIN3 - SING
- S2 | S2N2 -~ S2NT
BRARRE T GNs - s
S7 | SN2~ SINT
Hiamikad & | ST | SINI ~ STN8 &
S1 | SIN2 ~ SINT A AFhBEAAE
4 B ARI0 X S3 531\1 531\7 A R AR R AB
o S8N2 ~ S8NT A
S8N1 ~ S8N8 A fRiF L2 b - H B dudd
BEmARETOR | S2 | S2NI - S2N6 #
. | S7NA -~ S7NG &
EpEkAR | ST SIS < STNG .
81 SIN4 ~ SIN5 & AEFREERE
SINT ~ SINS A
S2 | S2N3 -~ S2N5 H
% 0 2k 30 K 53 S3N4 ~ S3N5 &
S3N2 ~ S3N8 A
< S8N3 ~ S8NG #
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474 P B S IKHT IR T R ch§T e

-t p RGN g S > LRH Y - Pagisp W ORIRIEAILE 0 H

ORI RGR R e TR O AR S R 1 A S A B R

B30 X s ReHCOk 30 XU F B d B AST 0 FGE TN PIE o bR 3B

e ra 11w ]
A ang P e - i

.
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1% RREFEHB

5.1 F i ¥ 5k ol 3 5 1

W PR R RIN 2 FBG ek SPAE T TR 1 iR 2 L e B2
B> BS] FE A ET AR F IR o HAREY I e o gL
RS EFE IO FY - PTG I e w g F BmAS
70 pm > i2 5iE 100°C s 2 ) PES B 18 o AR A fLoei R OB AE |
nm > FEFR o 4eB S.0(Z2) e KA o fts FILPEE  100°CUEE 2 ] EEEP 0 AE 3R
< R e e B 130 pm o 4o 5.1(%) °

EEEARY 0 TR F B AR Sk R R S R DA 0 2
AR R BA T AR T § o (SR (S B A T A ATy T 7
EEE R

SON7T SON7T
Curing Process Post-Curing
20 20 T
——~before curing cured at C
_ 1==- cured at RT _ heat to 100°C
= —-- post-cured =
% =304 i % -
- 0y -
=y i Ey
g (i 2
2 40 L 2
= VT H fal =
= T .=
. "4 \ i .
O A 2
= H vl =
[=] i [ =]
& 50 o | 'li,’ \ P
== ‘;';‘;,{:__’w;,ﬁ ,“'&:;@‘ v‘\....____.'—/:
I | - L L L
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

B 5.1 SON7 B i e AR D (2)F I F B F i s ampgi
(= )fs B i Hp B o o 3¢ 1L

5.2 BF B

5.2.1 3% F

RN FTHRIEEDFT AL A LB > RS IR Y
P OEFRE@EF 2 o 02 SONT E B0 6 X B 19 200 pm > 29 X BAAS T 9 540 pm -
oB 520 Ty EEFeABE S 2 6% A1 62% 029 % b AT 5%
4B 5.3 ¢
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Tt g el w0 M A e £ LA - 2R SN B 6 3 AR
#7 100pm > 2. {8 BT 72 %> RIERMETEY 1% 4Bl 540 53 K/f?\;f"fﬁ%ﬁﬂ
Y e fe vk A s r g g i o

T GO B AR BT 00 T 0 0 0 SONBUIEGE 6 X LAk £ L

7120 pm {s R o R RRG (P A ST 0 %9 2% 4oF] 5.5
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in lab after preparation in lab after preparation
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——= 0days
\
i . ," i — 6 days
: —-=- 29 days

Power intensity (dBm)
8
I
Power intensity (dBm)
5
|

i

h

(=]
|

= P

1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

B 5289 2t R s g 20 Gk AR R ¢ (2)SIN2 ; (+)SINT

S9P1.P29
12
| in lab after preparation
8 —
g 4 :‘:“:‘_‘ﬁ.
=
R ™
% P ad
1 Specimen
-4 —-@— S9N2
E ——&— S9ON7
'8 ‘ T | T
0 10 20 30
Duration (day)

B 53S9 3% q%HZEE > FPFATHR
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SON1.P1.DC29 S9.P1.DC29

-20 12
in dry cabinet Duration in dry cabinet X
— 7 ——— 0days i Specimen
£ s da; 8 — —-@— SONI
g 30 e 29 days o ——&—- SONS5
2 i X4
.g i
2 .40 é
£ 0 - @@
s 2 "fmasgooreeree?
Z .
A 50 |
\ \ \ -8 L
1536 1538 1540 1542 1544 0 10 20 30
Wavelength (nm) Duration (day)
Bl 5489 B axticEfe s B F (LR (& %
SON3.P1.DB29 S9.P1.DB29
220 - 12
in dry bag Duration |indry bag Specimen
T ——= Odays s ~-@— S9N3
8 30 6 days — & — SING6
= —-—- 29 days . iy
2 Y
Q
£ 2 "Moo o
5 ey -
S -4
A 50 |
T ‘ ‘ ‘ '8 T ‘ T | T
1536 1538 1540 1542 1544 0 10 20 30
Wavelength (nm) Duration (day)

B 5589 3 »tigE e FPF (2 HR (F)nmgt

5.2.2 $ g3

%515 892 YR o B3 FABRRR F%29 X 802 BAR5

TR RS BB TS 0 Aok 520 IRV PR AEHg 0
E b > 2000 N P AERFA] 2 i3 SOON (B i i & 0 4o B 5.6 2 W)
5.10 -

R b PY BT IR o GRNFHFAES PSR 0 O
N4eft 3 6500 N hifik 5 6] > G FHFB T 2 94% > i@
B AR AR 6% o FRATR R AT i 500N £ 50N ch g pr g S p
B 2 g - ko 4o 513 22§ 5.14 -
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# 5189 3372 FPHRB S TETRAE

Ty | Rh | BABREN) | FHHBEN) % EAs%)| BepahieE Z(%)
SON4 7508
B %] R4 7599 1.19
SONS 7689
SON2 7811
TEBRFOX 7815 0.04 2.84
SON7 7818
R4 29K | SONS 7504 7504 0 -1.25
) SON3 8005
BIRR20K 7754 3.23 2.05
SONG6 7504
3 5289 353 F RFIHRB AP0 B R R b
ES RS 0 B
SON4
[ Bp &gk
SONS8
SON2
KRBT
SON7
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% 52(%)

R 29K | SONS

SON3
PR R29R
S
SON6
S9N4.P1
SON4.P1 Measured at 500 N
Load (N) Unloaded from (N)
—~ 30 4 _0 = -30 4 —— 500
g | g
2 i — 500 5 —=- 1000 13
] AL ——- 1000 S {—- 1500 "1
z AN —-- 1500 z I
2 | : : 2 Y
£ -40 - i i ——- 2000 £ - ;
g i b, £
5 ] LA WR e miE T TS B EEE b
: | ’ :
A =50 4 Noarrove—e o VN o e o A~ -
‘ T T T L
1536 1540 1544 1548 1552 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

5.6 SON4 T3] # 4 %1t 1 ()73 b f 5 (2)imf w S00N
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S9ON&.P1
-36 —
Load (N)
A -0 :
% 500 _cg
\; - 1000 :
= 1500 =
w wn
§ - 2000 E_,
g . _,_,...;-P”‘_': g
B A TG el - s
2 2
) )
[ [
\ \ \
1536 1540 1544 1548 1552
Wavelength (nm)

] 5.7 SONS T 3|+ ¥ #7 3%

SON2.P1.P29

P
]

()R

Load (N)
—-- 1500
- 2000

Power intensity (dBm)

Power intensity (dBm)

Wavelength (nm)

Bl S.8SON2*+F % % 29 X S WARZH R 1 (2)? kA 5 (7)# v 500N

SON1.P1.DC29

Load (N)
-—= 0

500
1000
1500
- 2000

Power intensity (dBm)

~ 30 y wio A
= A 'ﬂ‘ H At
= i ol
2 1 AN A A K
> B ' [ : HI|
z R I AR YA
= 40 — i '. ! i i "\f:i‘,,’:,'i
2 I HI] vy
R= ihi ¥
- ,
o
Z
A =50

~ AN

‘ I

\
1544
Wavelength (nm)

B 5.9 SON1 ** iz %k 48 29 X (s W A7 2

1552

.
|

L

36

SON8.P1

Measured at 500 N
367 Unloaded from N)
11— 500

-40 - —-—- 1000

44

48

_52 —

I I I
1536 1538 1540 1542 1544

Wavelength (nm)
D(%)# i 500N

S9N2.P1.P29
Measured at 500 N

Unloaded from (N)

\ \ \
1538 1540 1542
Wavelength (nm)

1536 1544

SON1.P1.DC29

Measured at 500 N
Unloaded from (N)
-30
-40 |
-50 —
L \ \
1536 1538 1540 1542 1544

Wavelength (nm)

()P R A (R)Fr iy S00N

doi:10.6342/NTU202303943



S9ON3.P1.DB29

S9N3.P1.DB29 Measured at 500 N
Load (N) Unloaded from (N)
= -30 A al _— = -30
g M Nty 0 g
=2 i it ¥ WM —— 500 o
S A IR A —= 1000 S
> i i i >
Z Loy 5 l{' Vi b —-- 1500 £
5 40 P iy i —— 2000 £ -40 |
- iel! N d 0 =1
E Y i Wi E
B 1 l ! ," ‘\ \ E i
g iV AT LS B —— —
£ 50| Whipsis £ 50|
T T T I I I
1536 1540 1544 1548 1552 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

Bl 5.10 SON3 gk K 29 X S WApE R 1 ()2 F £ 5 (7)# v S00N

S9N4.P1 SON4.P1
Cyclic Loading Unloaded
12 8 2
AR/R, -@- at50N
1 —%- at 500N
{6
- . 0 %xx
= 4 E S 0 [ .O“x%x—*x‘*“‘xk
4 = i [ )
< 2 el e
3 18 3 *e
q 2 ®
-2
T 0 —4 T | T I T | T
0 500 1000 1500 2000 2500 v] 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

B 5.11 SON4 T34 § pe g it o ()& P - 5 ()ar

SON8.P1 S9N8.P1
Cyclic Loading Unloaded
8 4
o ARR, | ~@— at50N
ST ———= Load 1 —%— at500N
1 —6
= [ —_ 2
< ] 12 £ Pl
A SP= S X
% s = o
- Ung Q\x %X
0 }L . 1
[|J|||I UUU" Fol Il lln |I ul I
= Jl T \| || J T L T 7 0 -2 T T T T T T T
0 500 1000 1500 2000 2500 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

Bl 5.12 SON8 T lde i F pe sg it @ () 7 5 (L)ar
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S9ON2.P1.P29
Unloaded

S9N2.P1.P29
Cyclic Loading

§000

6000

LB (L)

4000
Unloaded

e

SON7.P1.P29

-

2000
(%

0

Maximum load before unloading (N)

z % P ol
2R "~
58 &mm\ -
[
ox X ‘
[ X o [
¥ ‘
|
X i
# \
o I
(%) *47av

3000

2000

Time (sec.)

1000
SONT.P1.P29

Cyclic Loading

Z w P
o X6~
% B X0
B xo
¢ ¥ ol
5
®
®
X0
X0
XL
_ o _
(25) MV
o o
=
< 43
|
|
|
|

(25) MV

B 5. 13SON2 > F s 2 TR B 20 X (S50 T e g

(25) MV

8000

6000

IR ()

2.

4000
|

r

Unloaded

-

’

SON1.P1.DC29

2000

(

0
Maximum load before unloading (N)

B 5.14 SON7 > F 2 3 B 29 % {40 T e i

< (o]

1500 2000 2500

Time (sec.)

1000
Cyclic Loading

SON1.P1.DC29

500

X

*
90

—-@— at50N
—%— at500 N

XX Xge o0
-® 03?.‘“" x*
g
— I

o

0
-2

(%) “4/av

(25) MV

8000

6000
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4000

Y R ()

2000
~

‘(=

0
Maximum load before unloading (N)

Bl 5.15 SON1 *t 5z 48 29 X fsfo i 3 pesg it
38

800 1200 1600 2000
Time (sec.)

400



SONS5.P1.DC29 SON5.P1.DC29

Cyclic Loading Unloaded
2
—@® - at50N
1 o, % @SN
&2 = o"“x x,
—_ = —_ 0
g g 5 )
=3 = £ o %
~ s ~ ®
<] — <] B \.
% \ ]
| I
IR LIIJ L I
—1 T | T I T | T | T 0 —4 T | T I T | T
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

B 5.16 SONS *+ 5z 44 29 % fo o e it 1 ()M HF 5 (v)Fr

SON3.P1.DB29 SON3.P1.DB29
Cyclic Loading Unloaded
4
—-@® - at50N
T %~ at500N _ X
X
—_ = - 2
g z £ **
s T £ ] &
= =
< 3 4 o e%e :ix xxx .,.
MO‘
—2 T | T I T | T
1000 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

B 5.17 SON3 05z % R 29 % 40 Tresgic o (28 P/ 5 (L)

S9N6.P1.DB29 SON6.P1.DB29
Cyclic Loading Unloaded
12 g 4
AR/R, i —@ - at50N
8 —%- at300N
—_ = - 2
o e 2 ]
& | s & e —3-— %X Ko
< ‘l = <0 1;._._,31‘”*&* x
%o,
il L| ® .‘t.
H Pt 1 b
1 | { lLJ .‘
y [ A VI I oyl
—1 T | T I T | T | T 0 —2 T | T I T | T
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

Bl 518 SONG * e § 29 % fodo @ Lo it ()W P 5 (L)
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523 &% ﬂi ﬂ‘/%”&%-

R GER M AR ERE § B R AL AR
AR S R 2 2 PR R R E N S e Rk B -
&k v % CEBTEREF 0 F REHFE R

& fu gz 3p
5.3.1 % F 4R AL s 5

5311 H EREAFHE T e

Bheit (73 B MRAIEZGZE Y > AL B A X HWE > X R RARH/LE AL
20-40 pm > EAEEEFA 2 5 Bl 519 AP R P AL AWIENE AT RY
ff o ARA RTIL G X ALNPIREE 2 5 AoR] 520 0 BEARAEIR € R T

A,muﬂn4%wﬁmﬁ’£&%?mﬂﬁﬁémﬁk’%ﬁ%?whﬁo
FRTVRELBRRESEE PP A AR R EFAE o R Y B BT

S8N1.P1.DB13

heating indry bag ___ .4 225¢

-30 — i at 40°C
" - at60°C

Power intensity (dBm)

1536 1538 1540 1542 1544
Wavelength (nm)

?] 5.19 S8N1 ** J—/")# g“ v _J :}g}; Fé&gﬁg‘g% i
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S8.P1.DB13

g heating in dry bag Specimen
i @ - S8N1
il —-a— SSN8
e\i 4
= o] P
g 0 Q\: AT
< i \
-4 — \\ _,./‘.-__ . ]
\. o .’ -
-8 -
T | T | T | T
20 30 40 50 60

Temperature (°C)

Bl 520 S8 >ty ¢ > H R H AR

53.1.2 % B K RAIEH IR & R rmchp i

AP S2 anE Y —— L A FE (62T E 2 RH30% ~ 60°C B 75 % —
— 5 P B R MR ASEY B TR M AR R R ST
gl o LI s — X P hgent = > 2 QEBranE > D% 55 XM 3% 2 1

R

Ak

L
HARZER ey B 208 o 3+ S e P A A KB F0% ad® 0 FI B E K

BOZL 3 X B Ao fc @ PR FE PS8 L mATERY 22

C \

A 36"# f9 i{'\fpirg il l'&g@}@w 30 X 2 iE'—:IL;E‘ LJ;S‘F‘_I/J/ SZNI Df,’% o, l,_E_ s 1 z
g PR b A s P TAER AR L A K 100 pm o =% S3 £2 ST R dept > T
EREE A SN T 3R R & S2 P e > #112 S3 ~ ST ~ S8 p;j'%ﬂéjggﬁjIEJ?( .

TS

S2N1.P6.DC7.H75

-30
at 30% RH and 60°C Dyration
——— 0days
35+ —— 75 days

Power intensity (dBm)

1536 1538 1540 1542 1544
Wavelength (nm)

Bl 5.21 S2N1 % MR 75 X h FAEH % 1*
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S2.P6.DC7.H75

8
| at 30% RH and 60°C
S
Mo
&
<
Specimen
87 —@— S2NI
——4&— S2N6
-12 T T T T T T T
0 10 20 30 40 50 60 70

Duration (day)
Bl 5.22 S2N1 £2 S2N6 & § M R 75 % # B 7 pe g i

5.3.1.3 % S P AT A T IR chg v

PHELSEFTREMBASNZ0T5 X RIS 0 R R Y R guEsY o 4
EHLEA RS Y A B Bl 523 AP BV EFRAE DTS A
Mo X ERHE Rr L Ew 793 i F oo AT G oo S EFSR
CAcRI 5240 PR EMBIS A F L AEN 2% 4 FPAER) O EH 1%
AR EE D T AR RS o d A S8 A G

7 REBIERY 28 PR
Rt R B R R F T R ER N R R
TR TEEREMBRILE B REHEADEREE SRR M T T
W i E e

S2N1.P6.DC7.H75

-30
| cooling after 75 days of heating
35 . ! -—= at60°C
!'U".l ) at 40°C
[ —_ o
40 sl at 20°C

Power intensity (dBm)

1536 1538 1540 1542 1544
Wavelength (nm)

B 5.23 S2N1 % J§ MR 75 X {8 "8 5 Hp P 38 &% 1
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S2.P6.DC7.H75

_| cooling after 75 days of heating

8
Specimen
—@— S2NI1
47 — & — S2N6

20 30 40 50 60
Temperature (°C)

B 524823 MRe BREMBRTIS AR REHAFTIERN

S7N1.P2.DC59.H4

35 | cooling after 4 days of heating
£ 1
g et ) === at60°C
i |
T 404 i h at 40°C
> Y1 —— at21°C
5 i
ER \
5 \
% PR
a -50 - >
1 ’,/"'
T ‘ T ‘ T ‘ T

1536 1538 1540 1542 1544
Wavelength (nm)

B 5.25 STNI % (8 MR 4 % 1575 8 8 B AE 25 5% 1

S7.P2.DC59.H4

g cooling after 4 days of heating
. L St T S—.
~ 7‘*“h“*‘~__ o I
i’\i | H SH— 3
g 0
~
~ 1
<
47 Specimen
1 ——— S7NI
-8+ —-%— S7N8
I I I
20 30 40 50 60

Temperature (°C)

B 52687 38 MBRe » 3RMBA4XBERPEF R R

v l—

43

doi:10.6342/NTU202303943



5314 3§ MIBEJIEH {31 &
BGE R R MURRIES W RO 0 B B MBI S et > B IR

HPL AT L p 3 R OB B ans it o =t S2 e —— A L4 gl {8l

3 RH30% ~ 60CH3 75 2 —— 5 b > AFH BT 25 14 > 4B 527 T LES

BRI 0 3 3% o HapsE s TR Y ANk R g ie o
S3~S8F (T EAIL KA HAH AEICFH TS 2 H > Treiry

Beer T FE > 2% o heB 528 T B 520 gt H S gpE ST IR R £ B 4 T

3%
S2N1.P6.DC7.H75
-30
| === Dbefore heating
@ a5 T heated for 30 days
m
) 1
g0
7]
IS
2
E 45
5 1
Z
L -50
1 measured at RT
_55 T ‘ T ‘ T ‘ T

1536 1538 1540 1542 1544
Wavelength (nm)

Bl 5.27 S2N1 5§ MR 75 % w0 (S AFH % 1t

S8N2.P1.DC13.H30.pDC40

-30
A ———before heating
—_ | heated for 30 days
g 7 ! —-—- dried after heating
jan) |
o |
~ |
> -40 — ]
=
z !
2 |
R= 1
n
2 y
5 -50 ‘4
= Wl WA _~some—nme
R measured at RT
T ‘ T

1536 1538 1540 1542 1544
Wavelength (nm)

B 5.28 S8N2 % 8 & 30 X 7 {447 25 & 1
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S8.P1.DC13.H30.pDC40

_| drying after 30 days of heating

1

09%g 00®00- ¢- ¢ 00

A,LAA
ASRAA b ah a4 A

Specimen
—-@ — S8N2
-8 ——A— S8N7
\ \ \

0 10 20 30 40
Duration (day)

B 529S8 B M/Re » BRMRI0 XS kP AT

%53 BIEMR30 X S5k nT LY Rocng B

L |BERBTE
U BRoZ B (%)
S3N1 -1.9
S3N7 -1.6
S8N2 2.2
S8N7 -1
S8N1 -1.6
S8N8 0

53.1.5 % B MIBAILIS W RIE

253 A SALBEMBALEAEYRARL o BICRRY RFFENR
B30 % 0 AP o A BIEMIRD R ABBERR TR R NG
ok o

$oW RIEE NN A 5 0 SONT——4 & A 5% 14 3% %+t RH30% ~ 60°C %5 75
ALl MR DR WAL AP MR Y o]
530 2B 5.31 o H AR S TALE Nk 0 G A I ehiE S o
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%54 BEMB30F E g ERY AL R

R T BB ik

B R MURTRE o 4
B MUBRIRE # (N) T3z & (N) (%) ?ii’—iﬂ(o/)

R S8N2 | 7365

SN 7188 2.46
FEMAB™EY | S8N7 | 7011

G gEd RAmacE +| SBNL | 7295

e 7505 2.80 4.41
F R MR S8N8 | 7715

%055 F iR RS 1 s R B 1

FUNN , L E] L 3] 3t Bl FE R | B R B R ¥
SRR L, EABE| L. .. . e e o o
% # e o) R REa | EniREa| RESL | BREYL
ZZM) ZEAHD) | FHG) | REER)
S7N1 8012 6.76
4 0.01 3.43 3.33
STN8 7512 0.10
SIN2 7510 -2.50
3.94
SIN7 7994 3.78
30 -3.02 6.33
S3NI1 6521 -13.27
0.07
S3N7 7510 -0.11
S2N1 6775 -12.61
75 3.22 -7.92 4.69
S2N6 7503 -3.22
S2N1.P6.DC7.H75
S2N1.P6.DC7.H75 Measured at 500 N
-44
Load (N) 1 Unloaded from (N)
) === 0 S -46
% - — 500 %
z T pe
s - ——- 2250 5
= R R A =T B 50
z - e
a? aO- _527
‘ \ ‘ T ‘ -54 — T T T
1536 1540 1544 1548 1552 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)
B 5.30 S2NT  if SR 75 = {542 1 45 3% 5 )RR (F)F iy 500N
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S2N1.P6.DC7.H75 S2N1.P6.DC7.H75

Cyeclic Loading Unloaded
0 8 -4
AR/R, | | -@— at50N
—-%— at500 N
—6 -6 —
—_ - —~ x
S 1z S t—ﬁw
= 4 ® .8 O-@ XX
o =] ~ LY
=2 S 4 ®
< 1 3 < ]
—2 -10 4
U —12 T ‘ T ‘ T ‘ T
0 1000 2000 3000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

B 5.31 S2NI % B MR 75 2 o0 Tregit @ (L)W PF 5 ()i
5.3.2 B i #ok RILHR

5321 e #-KASLY FARH A T e chP it
AE P Q2 anE R —— A AL RS EEHK30 X B TS5 XA —35 Bl
iR BORESLY B H G T en i o B AL BB A H R Ao 531 &
it o FEEREE T kP F 60T M AY - R LR A LA T 9270 pm > 2
Lo B FF 10X LA 850pm o 2t AT AR B 4
Bl S533c Tras 127 6% 2 (8 D@ Fikpdls - 5% 724757 5
16% > 2. (530 FE P T AR cn b 2 > IMAER T ILT " RS RbrfE
Yol 5.34 0 HAapiEy FR R bk o
e M HCR S A e 0 B Aol 2.1 &0k 2 ORI - AT e

HAT R AR o By THE NS & F R Rk 4 E 30X PR
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AR/R, (%)

S2N4.P6.DC7

heating in water

——— atRT
at 60°C

s
=3
|

Power intensity (dBm)

1536 1538 1540 1542 1544
Wavelength (nm)

] 5.32 S2N4 = g A7 3 g i

S2N4.P6.DC7.175

| in water at 60°C Duration
304 ." === 0days
——- 1day
—— 10 days
—-== 75 days

[ o e e o 2 = =

e ————

Power intensity (dBm)
&
|

= —— =

1536 1538 1540 1542 1544
Wavelength (nm)

B 5.33 S2N4 ;% ¢ #u-k 75 = #p RV AR 3§ & 1

S2P6.DCT1
20
i o VY meHmcluring immersion period
— =%
16 \+\/»f.\ R S
| geeer w33 e, e e
. o4
N T S
Specimen
—&— S2N3
—3%— S2N4
—-&-— S2N5
—<— S2N8
T | T ‘ T | T ‘ | T I
20 30 40 50 60 70
Duration (day)

B 534 =k S2 iz HORESUIEY > N EEHOREIVH T T R
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5.3.2.2 /;L/é#"’j\f%t@;w - 3] ar-
XA REFORRILS > FR I ER o AEA LB ARy R
KESLH P RN gk AR S o 4o 53505

>‘1\\‘

e Fok RS2 4~ 30
75 % g P Y B fRandF i o 127 BT B IR MR R T g v IR Aon kR
i » PR L kAT E 5o 50 RRE > N LAME A AR %0 B
e 93 R

T G oo B FOKAEIL 3087 75 X R Y 0 L A GOCRBIFEY 25 4
6% » R EEERRIL S X ARE Y R G R RAIE 0 &L AR e
5360 384T 0 5l AR BORP EAEH L TR R IR B R A

A YN N Vs A ;g‘
P e moRE ?‘I&F{-ﬁ‘%»«"? °

S2N4.P6.DC7.175 S2N4.P6.DC7.175
-20 -20
cooling after 75 days of immersion ——— before immersion
= b ——— at 60°C = b immersed for 75 days
% .30 4 l’; atRT % 230 —
B ', 2
8 -0 \ 5 0+
.8 ‘,. .8
2 ] ‘~ 2 ]
& -50 - & -50
R R measured at RT
T | T | T | T T | T | T | T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)
] 5.35 SONG 22 4K 75 % (L)is " B (L)% A s
S2.P6.DC7.1 S7.P2.DC59.14
- ; ; 32
28 | cooling after immersion | cooling after 4 days of immersion
Specimen (days of ilmnem'ion’) 28 Specimen
-@ SIN3(30) -3¢ S2N4(75) B STN3
24 % ~dp- SINS(30) —A— SIN5(75) b
@ ~ S 4 o STN4
s 1 .\\\ <~ —-&— STNS
g 20 - ~~o g B % - STNG
{1 & T~ 20 |
< ~ s <
16 4 \__H‘ N‘H&‘ i
4 ~ T R 16—y - — - . - _
12 1 s S R B
T T T T T 1 71— 717 717 1
20 30 40 50 60 20 30 40 50 60
Temperature (°C) Temperature (°C)

Bl 536 "2 R L (2)S2 R H KA 3075 % {85 (+)ST B ok AR
4 = i
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5323 B #-RAIDISFTHE B T A R
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TM3000 2023/08/07 H x100 1mm

(b)

TM3000 2023/08/07 H x3.0k  30um
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TM3000 2023/08/07 H x100 1mm
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TM3000 2023/08/07 H x1.0k 100 um

(b)

TM3000 2023/08/07 H x3.0k 30 um

F1 547 SIN3 WEA7 AL 15 0 865 0 & K PG F AF I 4 F % bl 1 1L
Ad (@) B 1000 B 5 (b 8 F 3000 £

60

doi:10.6342/NTU202303943



TM3000 2023/08/07 H X300 300 um

(b)

TM3000 2023/08/07 H x3.0k  30um
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TM3000 2023/08/08 H x100 1 mm
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(a)

1

TM3000 2023/08/08 H x600 100 um

(b)

TM3000 2023/08/08 H x3.0k  30um
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TM3000 2023/08/08 H x60 1mm
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TM3000 2023/08/08 H x400 200 um

(b)

TM3000 2023/08/08 H X2.5k 30 um
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TM3000 2023/08/07 H x50 2 mm

(b)

TM3000 2023/08/07 H x3.0k  30um
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TM3000 2023/08/08 H x40 2mm

(b)

TM3000 2023/08/08 H x3.0k 30 um
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TM3000 2023/08/08 H x150 500 um

(b)

TM3000 2023/08/08 H x3.0k 30 um

B 5.55 SONB e #k 75 % 540 WA & A ¥R B kg AT ()% B 3 150
5 (b)* % # % 3000 &

68

doi:10.6342/NTU202303943



534 %1 TR
@y %ﬂ@&ﬁﬂi#°$ﬁﬁﬂﬁ@%é”m T ENE
BEECTIEZR G 2HFERT o % - RSk A 4 X REFEHAL AL
h
w

S

=

SR 2 fARBAR T 0 T v ZORSHRGEA A~ B -

badl

eECkm R HER AR RERRI T RREF T REEK
308275 % Wb RE AR A REFTE o B - 5 R R30I X EEDE

i
)‘]\ﬁ

TR -R R k4T RapP RS SN EMRREEE HRBA
i REHRIOIETS AV EEHRAILFTIE U 2B A DT
PR E g B g TREE o AT T IR R ORIERE L H B GBS o

MR FoR AR R R SR TR AIE o AT BB T g AT
eHokmak iy 0 R g 2 RAR 0 AR S 6 EIFIRR o

Pk

5.4 P JpH AT T P el e

541 % o md2 i e f f g i
T RCE AT o TIEEBIT E o ARE T 0 25 X T K 4% 0 el
549 0 21— LR P ARIT o HARGE S BN o VAR R IEEE 0 3T 25 P HF

TR SR

PR GeRA F R P RELET60C B 2 H A 4% 1 B TR
Ry 510 #4822 > 4oF 5.50 ©

BB en4 PREPHY 2 PR MBRS0 % I o 0SSN A R R
oo SSNSHEHF T S4BT X T T 16% 0 4o 551 - HEFRGFHEE A
foit— dpzE R T pE b2 > SSNSEBT 5 0 5 1.5% » SSNS Bl H_ A B 4as 2
RE o BrSdEAR 0 VLR R TR 4% 0 do[f] 5.52

BB end FR R T2 R FEEHK30 R AIL o - X N SSN3 T et

A,

S

X SSNG6 £rE_ T I T ' > 4ol 5.53(2) 0 2 {4 A —g R F T
Al > 2 5 30% 0 B 5.53(F) e BRI - ARR P TR A (e inaBa 4R

T ZNREHORBATER AR R R T 5 £ 20% 0 4ol 5.54 0 i

EUSC R O - LR A A N L
69

doi:10.6342/NTU202303943



S5.P42.DC

16
in dry cabinet
i Specimen
12 + ——0-— S5N3
4 —-A&— S5N6
;\3\ g | —-%-— S5N8
< %
= N
[
0 ho—m D“:\ﬁ——ﬁ
-4 \ \ \ \
0 5 10 15 20 25
Duration (day)
B 5.56S5 5P P H ¢ = Pg P R g
S5.P42.DC25
10
from RT to 60°C
i o
o)
o

AR/R, (%)

-20

Specimen
—o— S5N3
—aA— S5N6
—%— S5N8
SS5NS

S5.P42.DC25.H30

8 | at 30% RH and 60°C
C Specimen
_ 4 O S5N5
o
é 4 ——%— S5N8
(=1 0 _
§ | e
< AN
-4 ] I X
-8
T T T T T T T T T
0 02 04 06 08 1
Duration (day)

Time (min.)

Bl 5.57S5 2 BFFE D e s

S5.P42.DC25.H30

8
at 30% RH and 60°C
4 Specimen
0] S5N5
_ ~ % — S5N8
X 0
N—
MO
SRR el S0 o S s
< Q
@]
-8 o
O o
X g0 ©©
'12 I T I T I T I
0 10 20 30

Duration (day)

BISS8SSBEMBRPRETIERL ()% 1 X 5 ()01 30=

70

doi:10.6342/NTU202303943



S5.P42.DC25.H30

0
| from 60°C to 30°C
-4 JM
S 8 Specimen
mo O S5N5
= —%— S5N8
& 12
<
’ @) 10 O
-16
-20 I I I I

Time (min.)

B 5.59S5 B MR 30 % (S E R TR

S5.P42.DC25.130 S5.P42.DC25.130
-8 30
A during immersion period during immersion period %
| 20 o /
'127\\ S 4 Q/Q\/Q e\o\\o—é
S Ja T < 10 po® ¢ A
é \\’*///// é & _A /‘
mo —16*?\ mo 0 0/ “K \\ /A
& oY = / aand K
i
< | Ao A < o4l
204 Specimen Specimen
] o S5N3 20 —-0-— S5N3
——A— S5N6 —-A&— S5N6
'24 ‘ ‘ T ‘ T ‘ T '30 ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1 0 10 20 30
Duration (day) Duration (day)

B 5.60S5 Ze# -KPFFTIEFL (1 ()F 1 IR 5 ()03 30=

S5.P42.DC25.130

30
cooling after immersion
1 g
20 T
E\i 1070,/’ ///JL
=3 i ///
>
0— prad
< -
7 Specimen
10 —-o-— S5N3
1 —&— S5N6
_20 ‘ ‘ T ‘ T
20 30 40 50 60

Temperature (°C)

B 5.61 S5 &2 #-k 30 ® (5" B T e it

71

doi:10.6342/NTU202303943



5.4.2 3 i P&

hOSSN2EE WA F IR 10 QRFALVRG HRT ERY L
FAAILIS G R TR R o PP S P W B FIE 4 510 0 7 F Ak
TR S G R R0 R N R SRR Y o R R R 30 X i e A
L7 9.67% 0 Vi A FE T R TR A o

TIFL 25 0 BAR LT R ISIN2 & f 42 4500 N w0 e F pe ik ibis
Mo deB] 555 A R AP AT PR AR R AL T 10

Lk Ra R

—=

BEEg A 3 LAY R E > 4ol 5.56(%) 0 ¥ hiEie #0k 30
A G A R Yol 5570 RS HE R Y A A6 BRE L
B o

ORI TRAR T T 0 ORI Bk 30 X g e g A Baeg s
A B B 4500-5500 N 16 S FL 8 (1 ehpl S AR e 0 2 e PR BN LR
LR BEA G Z B B 2.2.6 &4TiE .

% 5.10S5 5 AG AR E Y P W 55 B

" 18 3] 3% B FHRE | SRR | BELBEREE
558 5] sk |98 5k g 0%’*§ 1 ﬁch‘imﬂ
(N) (D %) ah £ E %)
WEBREIOR | SSN2 7790 7790 0.00 -0.45
S5N1 8006
18 3 )2 & 39 S5N4 8444 7825 7.58
S5N7 7025
S5N5 7016
2B R0 R 7069 0.74 -9.67
S5N8 7121
S5N3 5006
Zi k30K 5053 0.94 -35.43
S5N6 5100
72

doi:10.6342/NTU202303943



S5N2.P10
Unloaded

SSN2.P10
Cyclic Load Testing

—@— at50N

—%— at500N

T T 1

T
N < S S N <

(%) a4V

(%) v

2000 4000 6000 8000

0
Maximum load before unloading (N)

1500 2000

1000
Time (sec.)

B 5.62 SSN2 (s i st 5 (

500

; (*é«)—irr’f

)iE A%

,
=z

S5N1.P42.DC55

S5N1.P42.DC55

Unloaded

Cyclic Loading

z Z -
g L
= s

, B
’x \
[ [ [ [ 0‘\
2 & S S Q &

(%) *4/av

(N) peo
m o el <t (o] S

(%) “9rav

2000 4000 6000 8000

0
Maximum load before unloading (N)

1000 2000 3000

0

Time (sec.)

Bl 5.63 S5N1 3%

()

)i A

(%

g

%
&

f

S5N6.P42.DC25.130

S5N3.P42.DC25.130

Cyclic Loading

Cyclic Loading

(N) peo
el <t (ol (=]
I I
T I I
(=) () o (=)
S N o0 o~
on (o] (o] o
(%) "4V
(N) peo
=) < o S
N
o g 1
2 3
< 4 L
i
| L
|
|
T I I I
Nel o e} <t (=3
= S < < <

(%) "4V

1600 2000

800 1200

400

800 1200 1600

Time (sec.)

400

Time (sec.)

2
2

R EuNLER R

4
<

i

e Fok 30 =

/

s

~

)S5N3 (4 )S5N6

)
e 24

B 5.64 (

73

doi:10.6342/NTU202303943



543 P ERBRARFTRE

FRMPEEFIRTUFR A REY AT B ARJRIRE R B IR [
BLA - R JEPIEPEORARARED LG I5T B o

PUEEGEE G A - R R AN LR RPN T P A T
HAEATTR LR~ AT A R s Rk FTel

&2 R %iﬁ,ﬁ@( N Kﬁ/ﬁ'_rgﬁ;' FETORE o

74

doi:10.6342/NTU202303943



AR BHEAREY

AETBR D RERRPENE Zef LR RR T OTIEET > ok B

HBAFH BB R - f T HRFIREFKEFT I T @it o ¥
BEP P BRI FE - BERP A RORIEEL .

AR MERERRP EAP L RFER AT R EZT
BRenb i oxd 73 { 5Pk BRRAKEY DT LR > N3FG B4R
BECDT R oL - AFTHREF 3P R Py TR

FLEOREARET AT O AFERTIE AL A2 g A F e X R
e gy he R o~ BB 0 @ MTS ehk 88 & @204 4F 55 0 1Y
*ET HARA o ¥V e FAREFELE A B PR RE 0 ER R 0 R
FHRPIECER RPN IR LR

f?ﬁ
i
il
%
B
-F
>\_

75

doi:10.6342/NTU202303943



10.

11.

12.

13.

14.

15.

16.

17.

24

Fang, Y., et al., Monitoring of seawater immersion degradation in glass fibre
reinforced polymer composites using quantum dots. Composites Part B:
Engineering, 2017. 112: p. 93-102.

Prusty, R.K., D.K. Rathore, and B.C. Ray, Water-induced degradations in MWCNT
embedded glass fiber/epoxy composites: An emphasis on aging temperature.
Journal of Applied Polymer Science, 2018. 135(11): p. 45987.

Boisseau, A., P. Davies, and F. Thiebaud, Sea water ageing of composites for
ocean energy conversion systems: influence of glass fibre type on static
behaviour. Applied Composite Materials, 2012. 19: p. 459-473.

Hsieh, T., et al., The effect of carbon nanotubes on the fracture toughness and
fatigue performance of a thermosetting epoxy polymer. Journal of Materials
Science, 2011. 46: p. 7525-7535.

Diamanti, K. and C. Soutis, Structural health monitoring techniques for aircraft
composite structures. Progress in Aerospace Sciences, 2010. 46(8): p. 342-352.
Cai, J., et al., Structural health monitoring for composite materials, in
Composites and their applications. 2012, IntechOpen.

Giurgiutiu, V., Structural health monitoring of aerospace composites. 2015.
Buggisch, C., et al., Strain sensing in GFRP via fully integrated carbon nanotube
epoxy film sensors. Composites Part C: Open Access, 2021. 6: p. 100191.

Moy, P. and F. Karasz, Epoxy-water interactions. Polymer Engineering & Science,
1980. 20(4): p. 315-319.

Zhang, Y., R. Adams, and L.F. da Silva, Absorption and glass transition
temperature of adhesives exposed to water and toluene. International Journal
of Adhesion and adhesives, 2014. 50: p. 85-92.

Viana, G., et al., A review on the temperature and moisture degradation of
adhesive joints. Proceedings of the Institution of Mechanical Engineers, Part L:
Journal of Materials: Design and Applications, 2017. 231(5): p. 488-501.
Budhe, S., et al., An updated review of adhesively bonded joints in composite
materials. International Journal of Adhesion and Adhesives, 2017. 72: p. 30-42.
Al-Sabagh, A., et al., Monitoring moisture damage propagation in GFRP
composites using carbon nanoparticles. Polymers, 2017. 9(3): p. 94.

Kumagal, S. and N. Yoshimura, Impacts of thermal aging and water absorption
on the surface electrical and chemical properties of cycloaliphatic epoxy resin.
IEEE Transactions on Dielectrics and Electrical Insulation, 2000. 7(3): p. 424-431.
Bouhamed, A., et al., Assessing the electrical behaviour of MWCNTs/epoxy
nanocomposite for strain sensing. Composites Part B: Engineering, 2017. 128: p.
91-99.

Katnam, K., et al., Characterisation of moisture-dependent cohesive zone
properties for adhesively bonded joints. Engineering Fracture Mechanics, 2010.
77(16): p. 3105-31109.

Xu, D., et al., Damage mode identification of adhesive composite joints under
hygrothermal environment using acoustic emission and machine learning.
Composite structures, 2019. 211: p. 351-363.

76

doi:10.6342/NTU202303943



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Meng, M., et al., Effects of hygrothermal stress on the failure of CFRP

composites. Composite Structures, 2015. 133: p. 1024-1035.

Gibhardt, D., et al., Effects of hygrothermal ageing on the interphase, fatigue,

and mechanical properties of glass fibre reinforced epoxy. Fibers, 2019. 7(6): p.

55.

Karalekas, D., J. Cugnoni, and J. Botsis, Monitoring of hygrothermal ageing

effects in an epoxy resin using FBG sensor: A methodological study. Composites

science and technology, 2009. 69(3-4): p. 507-514.

Dewimille, B. and A. Bunsell, Accelerated ageing of a glass fibre-reinforced

epoxy resin in water. Composites, 1983. 14(1): p. 35-40.

Wang, Y., et al., Thermal-ageing characteristics of dry-type transformer epoxy

composite insulation. High Performance Polymers, 2020. 32(7): p. 741-752.

Eftekhari, M. and A. Fatemi, Tensile behavior of thermoplastic composites

including temperature, moisture, and hygrothermal effects. Polymer Testing,

2016.51: p. 151-164.

Jiang, X., et al., Effects of hygrothermal aging on glass-fibre reinforced polymer

laminates and adhesive of FRP composite bridge: Moisture diffusion

characteristics. Composites Part A: Applied Science and Manufacturing, 2014.

57: p. 49-58.

Krauklis, A.E., A.l. Gagani, and A.T. Echtermeyer, Hygrothermal aging of amine

epoxy: reversible static and fatigue properties. Open Engineering, 2018. 8(1): p.

447-454,

Carbas, R., et al., Effect of post-cure on the glass transition temperature and

mechanical properties of epoxy adhesives. Journal of Adhesion Science and

Technology, 2013. 27(23): p. 2542-2557.

Barbosa, A., L. Da Silva, and A. Ochsner, Hygrothermal aging of an adhesive

reinforced with microparticles of cork. Journal of Adhesion Science and

Technology, 2015. 29(16): p. 1714-1732.

Obitayo, W. and T. Liu, A review: Carbon nanotube-based piezoresistive strain

sensors. Journal of Sensors, 2012. 2012.

Frank, S., et al., Carbon nanotube quantum resistors. science, 1998. 280(5370):

p. 1744-1746.

Bachtold, A., et al., Aharonov—Bohm oscillations in carbon nanotubes. Nature,

1999. 397(6721): p. 673-675.

Berger, C., et al., Multiwalled carbon nanotubes are ballistic conductors at room

temperature. Applied Physics A, 2002. 74: p. 363-365.

Zamkov, M., et al., Probing the intrinsic conductivity of multiwalled carbon

nanotubes. Applied physics letters, 2006. 89(9): p. 093111.

Kirkpatrick, S., Percolation and conduction. Reviews of modern physics, 1973.

45(4): p. 574.

Gojny, F.H., et al., Evaluation and identification of electrical and thermal

conduction mechanisms in carbon nanotube/epoxy composites. Polymer, 2006.

47(6): p. 2036-2045.

Wang, Y., et al., Piezoresistive response of carbon nanotube composite film

under laterally compressive strain. Sensors and Actuators A: Physical, 2018. 273:

p. 140-146.

Xiao, T., et al., 3D printing of flexible strain sensor array based on UV-curable
77

doi:10.6342/NTU202303943



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

multiwalled carbon nanotube/elastomer composite. Advanced Materials
Technologies, 2021. 6(1): p. 2000745.
Tang, Z-H., et al., Comprehensive evaluation of the piezoresistive behavior of
carbon nanotube-based composite strain sensors. Composites Science and
Technology, 2021. 208: p. 108761.
Bregar, T., et al., Carbon nanotube embedded adhesives for real-time monitoring
of adhesion failure in high performance adhesively bonded joints. Scientific
Reports, 2020. 10(1): p. 16833.
Sanli, A., et al., Piezoresistive performance characterization of strain sensitive
multi-walled carbon nanotube-epoxy nanocomposites. Sensors and Actuators A:
Physical, 2017. 254: p. 61-68.
Shen, J., et al., Pressure and temperature induced electrical resistance change in
nano-carbon/epoxy composites. Composites science and technology, 2015. 115:
p. 1-8.
Tian, C.J., et al., Smart properties of carbon nanotube-epoxy composites.
Proceedings of the Institution of Mechanical Engineers Part L-Journal of
Materials-Design and Applications, 2020. 234(11): p. 1409-1416.
Barberio, M., et al., Electric resistivity of multi-walled carbon nanotubes at high
temperatures. Surface science, 2007. 601(13): p. 2814-2818.
Mohiuddin, M. and S. Van Hoa, Electrical resistance of CNT-PEEK composites
under compression at different temperatures. Nanoscale research letters, 2011.
6(1): p. 1-5.
Li, Q., et al., Temperature dependence of the electrical properties of the carbon
nanotube/polymer composites. Express Polym Lett, 2009. 3(12): p. 769-777.
Sung, D., et al., Ab initio study of the effect of water adsorption on the carbon
nanotube field-effect transistor. Applied Physics Letters, 2006. 89(24): p.
243110.
Li, J., et al., Carbon nanotube sensors for gas and organic vapor detection. Nano
letters, 2003. 3(7): p. 929-933.
Zhao, J., et al., Gas molecule adsorption in carbon nanotubes and nanotube
bundles. Nanotechnology, 2002. 13(2): p. 195.
Zahab, A., et al., Water-vapor effect on the electrical conductivity of a single-
walled carbon nanotube mat. Physical Review B, 2000. 62(15): p. 10000.
Sanli, A., et al. Study of the humidity effect on the electrical impedance of
MWCNTs/epoxy nanocomposites. in Proceedings of the Conference: 9th
International Workshop on Impedance Spectroscopy, Chemnitz, Germany. 2016.
Zhang, H., E. Bilotti, and T. Peijs, The use of carbon nanotubes for damage
sensing and structural health monitoring in laminated composites: a review.
Nanocomposites, 2015. 1(4): p. 167-184.
Thostenson, E.T. and T.-W. Chou, Real-time in situ sensing of damage evolution
in advanced fiber composites using carbon nanotube networks.
Nanotechnology, 2008. 19(21): p. 215713.
Bian, B., et al., Thermal-aging characteristics of epoxy/glass fiber composite
materials for dry-type air-core reactors. Polymer Composites, 2021. 42(8): p.
3773-3785.
Yang, Y., et al., Electrical Properties and Lifetime Prediction of an Epoxy
Composite Insulation Material after Hygrothermal Aging. Polymers, 2023.

78

doi:10.6342/NTU202303943



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

15(8): p. 1942.

Addanki, S., I.S. Amiri, and P. Yupapin, Review of optical fibers-introduction and
applications in fiber lasers. Results in Physics, 2018. 10: p. 743-750.

et and ¥ - A. #£.4 (Optical Fiber) . #% Online20097 * 29 p
[cited 2023 4 ® 19 P ]; Available from:
https://highscope.ch.ntu.edu.tw/wordpress/?p=2929.

H & T F W3 'L 2. Fiber Optic Types : Multimode and Singlemode. 2023
[cited 20234 * 19 p ]; Available from:
https://www.dintek.com.tw/index.php/Articles/Fiber-optic-types-multimode-
and-singlemode.html.

LR > 5 'L . Optical Power €74 .2023 [cited 20234 * 19

P 1; Available from: https://www.dawnraytech.com.tw/blog/optical-power-
introduction/.

FE G, EHEEH F5 Online20177 * 26 P [cited 20234 * 19 P |;
Available from: https://highscope.ch.ntu.edu.tw/wordpress/?p=76715.
Murayama, H., et al., Strain monitoring of a single-lap joint with embedded
fiber-optic distributed sensors. Structural Health Monitoring, 2012. 11(3): p.
325-344.

Othonos, A., Fiber bragg gratings. Review of scientific instruments, 1997.
68(12): p. 4309-4341.

Lin, C-L., AcFEHFcrrb-HE?:1) CRFTLRELEWERF 2) 7 44
75 F 4 F gt ) . 2004.

Guemes, A., et al., Structural health monitoring for advanced composite
structures: a review. Journal of Composites Science, 2020. 4(1): p. 13.

Yeager, M., et al., Assessment of embedded fiber Bragg gratings for structural
health monitoring of composites. Structural Health Monitoring, 2017. 16(3): p.
262-275.

Mieloszyk, M., K. Majewska, and W. Ostachowicz, Application of embedded fibre
Bragg grating sensors for structural health monitoring of complex composite
structures for marine applications. Marine Structures, 2021. 76: p. 102903.
Mieloszyk, M. and W. Ostachowicz, Moisture contamination detection in
adhesive bond using embedded FBG sensors. Mechanical Systems and Signal
Processing, 2017. 84: p. 1-14.

Fan, Z., et al., Structural health monitoring of metal-to-glass—ceramics
penetration during thermal cycling aging using femto-laser inscribed FBG
sensors. Scientific Reports, 2020. 10(1): p. 12330.

Mohanta, S., et al., Insight into the nondestructive performance evaluation of
fiber-reinforced polymer composite laminate immersed in produced water using
embedded fiber Bragg grating sensor. Polymer Composites, 2021. 42(9): p.
4717-4727.

Shin, C.-S. and T.-C. Lin, Hygrothermal Damage Monitoring of Composite
Adhesive Joint Using the Full Spectral Response of Fiber Bragg Grating Sensors.
Polymers, 2022. 14(3): p. 368.

79

doi:10.6342/NTU202303943



o

SIN1
Curing Process
38 -
——— before curing
. b ," ——-- cured at RT
g -40 "l:'| —=-- post-cured
m | M
=z ln\ 1 |:I
O A
g Reindt -
S by Mi_ih~
Easso o
5 i ,|| i S
2 d \:\ /:’_-'.’r‘
£ 46 /’ N
R
'48 T ‘ ‘ T ‘ T

1536 1538 1540 1542 1544
Wavelength (nm)

"B 1 SIND ¥ E & is B s g

SIN7
Curing Process
——— before curing
——-- cured at RT,
= -30
g —=-- post- cured'
£ i
= 1 i !
’ ' !l
z P i;‘
2 40| Il
5 e
= I ﬂl '
5 PR ]
S o
& 50 /'J | st
Aot ’
A T

1536 1538 1540 1542 1544
Wavelength (nm)

B 2 SINT ¥ F Fit &R g

S2N1 S2N1
Curing Process Post-Curing
=== before curing ——-- cured at RT
— -30 —— cured at RT — -30 {—— heat to 100°C
5 | B post-cured 5 —-- 90 mins.
it ;i{ <)
240 e il 240
w h il | w
= JW =
o 4 iy i |
= AR =
= [ =
S -30 2 S -50
= i ] — =
) Vo | \ e )
& S U Y & .
FeeeamT \ e e
60 — 60 F = S
T I T I T I T T I T I T I T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

"R 3S2N1 At cn? P RFEAT R ()W E R 2L HI ol %

doi:10.6342/NTU202303943



S2N4 S2N4

Curing Process Post-Curing

—=—=—before curing ——-- cured at RT
—~ =30+ "\ —=-=- cured at RT 30 heat to 100°C
=) ,‘ — -~ post-cured =] — == 90 mins.
m i i 4“ m |=-=—- 2hrs !‘\
<) i = i
> ,’\:‘ | \# \ g ‘ \
240 RN 240 |
2 cA ] z /3
g | VAN I g !
g / | g |
I IY' I'\’\ | ) = / \
o -50 4 " :/l"’\‘ U e oYY o -50 H \
R :

k] [}
(=% W HEN \‘ = b
H ,/, SO R S
R I 00 T I
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

"B 4 S2N4 F it 2 R EEHER T (D)FE RS R S aup g
()i B g i

S2N7 S2N7
Curing Process Post-Curing
——=—before curing ——-- cured at RT
230 — ——-- cured at RT 304 heat to 100°C
E‘ '\n — -~ post-cured = i
i Tl - d
g Tt g
= 40 .','.}rl.'. = 40
7 | }' "!. 'z
5 ATRAR! 5
£ 50 Y AN £ 50
- 50 | Ir’ W - 50
= ] ! P = _
z | M’ JUEWES Z
=¥ VL U M = R L v
60 o >3 AV RS 60 —fateames R WAl #
60 LAY o ARSI o LY Aoy
T | T | T I T T | T | T I T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
‘Wavelength (nm) Wavelength (nm)

TR SS2NT H it cnZ R IFEAT R ()W E R BRI g
()8 B 2 R ol o 5 1t

S3N1 S3N1
Curing Process Post-Curing
-2 b . ——-- cured at RT
R ———before curing o
—~ .30 - y ——-- cured atRT ~ 30 - heat to 100
g l| — == post-cured g —-- 90 mins..
% | . 5“ % —-—- 2 hrs
= 235 il z
2 1 | ;li ! ||| 2
B2 ! 1l B2
-40 — H = =40 —
5 40 I i n‘ i g 40
R= VLol g
5 -45 — ',’ ! : 1 || 5 il
3 b ' ‘\ ',| 3
£ 50 "L/P I A £ -50
h AW l"‘\-c'\ - \-,-/,.;r -
—~rr - n LA R nef . - g
[ AN 4/ AN S
_55 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

) 6 SINT B e h PR BT R L () A S s

doi:10.6342/NTU202303943



S3N2
Curing Process
———Dbefore curing
—~ 230 - ——-- cured at RT
£ —-- post-cured
m post-cure
= B
> A
= -40 4 ] \ !
8 f]F
= o
'
5 1 |
£y R B\ VS
° vt VAN e
£ s0-Lo_l_ A i
~- ;\'1 N k_:;_,_;\,.—-\x
Mo e
T ‘ T ‘ T ‘ T
1536 1538 1540 1542 1544

I 7 S3N2 B e e b ELAR

Wavelength (nm)

g i

(+)ie A
S3N3
Curing Process
———Dbefore curing
—_ 20 » ——-- cured at RT
g 30 1',{‘—-- post-cured
8 PR
IS 11—
2 A
B | |
g 0 ! | ,If' h
k= Py
= 1 oW
: ﬂw”“
& -50 \, A
i) \,\"\ip Mﬂ“‘ "
I
1536 1538 1540 1542 1544
Wavelength (nm)
it B 8 S3IN3 FH it % e R A R L

2
(+
S3N4
Curing Process
———before curing
——-- cured at RT
= -30
: —-- post-cured
m
: 3
2 i
g fa, il
§ 407 AT
2 | h
=) . ‘ Fi
B oy
s ! ] ,I l\
z I \l :,f W
o o ‘lA [ a
250 musd o -
Lo~ —# \.\.j,‘;:/_}‘::-'\‘:'QK )
S
1536 1538 1540 1542 1544
Wavelength (nm)
9 SINA B it e I P BT 1

.~\\

(+)

Power intensity (dBm)

1536

S3N2
Post-Curing

'

W

[}
|

A
S
|

'

o

S
|

cured at RT
heat to 100°C

—=-= 90 mins.
2hrs  h

1538 1540 1542
Wavelength (nm)

Hp B el 3 1

Power intensity (dBm)

1536

[
S
|

&
S
|

S3N3
Post-Curing

cured at RT
heat to 100°C
—— == 90 mins. I\
2 hrs “
4 i

I
i
|

I
:{ ¥

" -,
V. A

\1 doleaatl

s ‘;h‘%l‘?”t'l A
T I I T I

1538 1540 1542
Wavelength (nm)

1544

1544

(Z)FRF S E S IR

(Z)FRFE S E S TR

[
S

Power intensity (dBm)
IS
(=]

H(Z)FERAMER
S E Y Hp R Aol

82

&
S
|

S3N4
Post-Curing

cured at RT
heat to 100°C
—== 90 mins.

2 hrs

1540

1542
Wavelength (nm)

1536 1538

7 i

1544

FES

doi:10.6342/NTU202303943



S3NS5 S3N5

Curing Process Post-Curing
———before curing ——-- cured at RT
- 30 LT Cufid at }ZT ~ 30 heat to 100°C
E I post-cure E —-- 90 mins.j\
=2 1 g N SO
) | . E | <) i rs
) 1" >
S |‘,'. ‘| =
2 40 [} i 1 =
8 T ] 2
s i I R=!
o 1 J 1 . e—— =
2 Lo | b iNmm77 4
o W Y o
A =50 — P A~
bl o ,J..\,,‘,-\w
T I T — I I o

1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

KTTE]IOS?}NS'—];’-G‘J% P\':'F E’%L ( )#/B—r_‘]lblf%/érﬂfb%éﬁj*‘g %, :
() B L Hp R g o 5 1

S3N6 S3N6
Curing Process Post-Curing
-30 -30
| ———before curing |=—-- cured at RT
T3 - CuredatlzT T3 heat to 100°C
235 - — == post-cure S35 4. i
@ f‘ @ 90 mins. 1
A i = -
2 -40 Mo 2
‘B I\ 7
& . v =
g A g
£ 45+ Fopogh 8
5 P 5
% 50 , \ J \1‘( Sz~ CBD
a OV \ pgsrd T ~
7~\.—-cc’—‘%;."’“\
_55 T ‘ ‘ T ‘ T ‘
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544

Wavelength (nm) Wavelength (nm)

GH) 11 SING B 7 e BRBT SR () K R R R

S3N7 S3N7
Curing Process Post-Curing
-30 : -30
——= before curing ——-- cured at RT
2 i —— cured at RT 2 i heat to 100°C
-35 —-- post-cured S35 q—-- i
& ‘| p @ 90 mins.
A i 3 == 2hrs
2 -40 ah ! 2 -40 ,"l
B T B Ik
=) 1 Kl il =] 1 |
8 rl' !I f “\ ————————— 3 ' !
B i SR A b £ 45 I
— \“lk“‘r il ) ;|
o E ol | o 4 |
E 50 ; [ i PO - % 50 | J /\‘ e
-V e d _./}‘ b o - S 7 /" \~,7\_/\.w-~
’\l ‘l‘\,\ o~ —~—— - Va
A [ M
—55 T ‘ T ‘ T ‘ —55 T ‘ T ‘ T ‘
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

T 12 SIN7 B i ch7 e Fp BAEH R ()W R A B B R AR
(%)f8 B i Hp B oroip 3 8 1
83

doi:10.6342/NTU202303943



S3N8
Curing Process

&
vy
|

IS
=
|

IS
Y
|

Power intensity (dBm)
&
(=)
|

1

[ SR

-\‘*.’3'- -~

(rtplrep Y]

——= before curing
——-- cured at RT
—-- post-cured

—_————
P —————_

1

ly/ ==
P I
2o -~
VAL 7P

= H;“\_.Js_———__

-55 T
1536

1538 1540 1542 1544

Wavelength (nm)

"t B 13 SAN8 F it 17 [e i BOAE G % 1
()i B9 10 el 2 0

S3N8
Post-Curing
-30
——-- cured at RT
— heat to 100°C
£ -35 === 90 mins.}
as] —-—- 2hrs ll
) i
2 -40
RZ)
K] i
2
E 45
et
o i
2 50
& 07
-55 T T T

1536 1538 1540 1542 1544
Wavelength (nm)

S7N1
Curing Process
-30
3 ——— before curing
— | —==-- cured at RT "|
g -35 - —-- post-cured '\l
| i [l i 4 \
= ,\ i
240 L
B2 ' l ’l Iy
5 B
g 45 foyl I\
= ' \ ! \‘_\ P
g e -1}"",\’—\‘!: v.\ ’ -~
© 50 4 n o~ /20N pitens
A ! N
J N s
'55 ‘ T ‘
1536 1538 1540 1542
Wavelength (nm)
%) 14 STN1 # JF B 22 {8 B i {8 arip s 9 it
S7N3
Curing Process
——— before curing
——-- cured at RT
~ _30 —
g —-- post-cured A
M r‘
T An b
& 40 .' ‘.’ l, 'i
o foa ;
k= ] ) { E
= g H \
o [l
z [ }
£ .50 | o '.f}[
bl 73 A
et Wi
' I ' I
1536 1538 1540 1542
Wavelength (nm)

T?] 15 S7N3 #’ar.rd]'b bt’qulb fbm”:? %%,L

84

doi:10.6342/NTU202303943



S7N4
Curing Process

———Dbefore curing
——-- cured at RT ,
~~ _307
g —-- post-cured |
= ik }\
> l'\'\ I \
= '
2 40 P
8 ro |
£ P , \
B I
z !
A -50 — N Y‘
\.?\'#y’_ fv \/u'\_,
T I
1536 1538 1540 1542

Wavelength (nm)
i ] 16 STNG ¥ J§ B i £ 1 B i 1 o 5 1

S8N1 S8N1
Curing Process Post-Curing
-20 -20
—== before curing —— curedat RTD
e 1——- cured atRT = 1T ?e;“ to 100°C ,
—_ -~ = _-=" T |
2 30 post-cured i £ 30 {—— 2hrs I
= A 4 I it
z i 2
2 g 5 z
o 0
2 40 AN E
s gt 5
- ] ‘ -
g Aoy s
T 50 fema b ( %L‘ﬁ";" ¥
[ealiopr e =, o T =
T I T I T I T T I T I T I T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
‘Wavelength (nm) Wavelength (nm)
T 17 SENIT F it ch% e Fp BHFH R 1 ()W R B 28 Bt g
()75 B C 8 B P 28 5 1
S8N2 S8N2
Curing Process Post-Curing
220 -20
———before curing —— curedat RTO
? == cured at RT 5 }llel?t to 100°C ¢
—-- post-cured r‘ - i \
g 30 P ol g 30— 2hrs al
z aul 2
. P ", 2
[} v 9]
£ 01 A :
NN I ) W
° TN I-_——{{ [ o
& 9 ! A ~
509 P AN
2 N .1;'-’ \'\uv--}s;r(’-‘:‘{
T ‘ T ‘ T ‘ T T ‘ T ‘ ‘ T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)
T 18 SEN2 F it e e Fp BAEHE R ()W R A B B S A g

_‘_

(+)fe B Hp B g s g 10
85

doi:10.6342/NTU202303943



S8N3 S8N3

Curing Process Post-Curing
-20 -20
——— before curing —— cured at RTO
z |—=—-- cured at RT 5 8 }llehat to 100°C
—-- post-cured - T .
g 304 P ?' 8 304—— 2hrs i
2 i T 2 i
£ MR £
8 TR 8
E 7 i 5
5 EO 5
= Mod) i =
S o <
B 50 xe h T N— rL
\-"k;;"_u__’___,q___’?_:'" -
L \ \ \
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

HHF) 19 SSN3 B 13 I PR BT 1 1 () KRB H B A R
(%) B P R g o g 1t

S8N4 S8N4
Curing Process Post-Curing
-20
———before curing —— cured at RTO R
g <20 1 ——.. cured at RT ’é lllel?t to 100°C i \
|—=-- post-cured 2 - T g
g P ” I |‘ 8 30 |—— 2hrs i
> -30 7 I \ # H >
= [ X -
2 ! B ) 7]
g P
8 40 “ ) =
/g E |
] ! I ‘ﬂl (B
o J o
[~ ! h N [~ - \n R
-50 — '\\ i ! FAWPTN -50 AN Ay Ay B WAL
PR _\__:_-r.ﬁ '\u-\-,____. g ll =R 1’)\ '_:..Z_.n-/'/
T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

) 20 SSN4 1 A e PR BT S 0 (2)F R AN S E S A
()12 B 50 B ST 2 1

S8NS S8NS5
Curing Process Post-Curing
-30 225
|=== before curing ) 1= ;"md ml(;R()TC
t oy
Tasd™ cured at RT =304 ICI: to
% —=-=- postcured l' @ | o T
= i L AT
w v
5 ] - 577
E 45, [ E £ ]
5 4 TTeea_. L--'--“{ i ancly I IRV B S
z Wl z
é" =30+ — =| !.; p e E, 50
S R e R /N |
-55 — -55 —
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544

Wavelength (nm) Wavelength (nm)
S 21 SENS FH v A e P AR R ()T R B B F S R
(F)fs B 8 ool % 10
86

doi:10.6342/NTU202303943



S8N6 S8N6

Curing Process Post-Curing
230 -30
| === before curing ——-- cured at RTo
B 35 ——- cured at RT ; B 35 ?el?t to 100°C
22 7]—-- post-cured 4, | e T
% | l'” gi % f=-—- 2hrs
2 -40 i ;u 2 -40
z e 1 z
3 : " h il B
E 45 i i E 45
b5y HE , s‘ =
b5 4 ' b5 4
2 . | | Ao 2
2 50 R S S 50
’\Q-}_:,.___\_,_ le-‘):k"_’_;- N 1:_,__““‘- gt
-55 —— -55 —
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

) 22 S8N6 F it A R EOT R ()W IR F B R R
(+)i8 B 1 Hp BY e 3 5 1

S8N8 S8N8
Curing Process Post-Curing
220 -20
——— before curing —— cured at RTO
e 1——- cured at RT ‘ 5 lllelilt to 100 C
—-- post-cured . - T A
8 30 P i !\ g 30 4—— 2hrs I
~ ' ~ H
> i >
g AV
5 Dol 5
g 40 A 2 a0
= [ 4 =
5] il ! | )
s 1 -
& 50 \‘““ o=~ <
-50 — haadeds 2 SN N _]
.\_ RN AP I~ .50 ~ -
L — T
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

R 23 SSNS Bt e e FE B () KR E B S E L S A

SON1 SON1
Curing Process Post-Curing
20
—== before curing 20 o=~ curedat RTD
e 1——- cured at RT Y = — ?e;“ to 100°C
f = d=——==
g 39|77 posteured p, fl"';} a . 2bm
- AN T 30
=z "y Iy 2
=z 1 b IH', z 1
5] Foal ]
2 40 i Wi 2
= i = 40 1 :
5 I . 1 5 i
Pt e I R e ;
R =50 — By | v~ &~ s s Il WV W
"'"\n.,f\f‘_ ~ ,.,_-..\.f' v _50 I f
T | T | T I T T | T | T I T
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544
‘Wavelength (nm) Wavelength (nm)
"B 24 SON1 At ch7 B R C ()W R BRI S o
()15 B 90 7 i 5 1

87

doi:10.6342/NTU202303943



Power intensity (dBm)

HEER) 25 SON2 B it 7 e P BObE 3 s 1

Power intensity (dBm)

i+ B 26 SON3 B 1+ eh1% I Lk

Power intensity (dBm)

"B 27 SON4 B it ch7 e Ff

|I-J
S

&
=3

N
=]

-50

-60

|I-J
S

-30

N
=)

-50

-60

Y
S

[
S

IS
S

&
S

-60

SON2
Curing Process
=== before curing
——- cured at RT i
_|=—=-- post-cured i i
llw«l H
] BY
P

/

o e = e

i

1534 1536 1538 1540

Wavelength (nm)

1542

-20

-30

Power intensity (dBm)

-60

(=)

S9N2
Post-Curing

cured at RT
—— heat to 100°C

1538 1540 1542
Wavelength (nm)

FEARMEE

1536

(% )fe B 4y B ey o g 1t

S9N3 SON3
Curing Process Post-Curing
=== before curing -20 q—— cured at RTD
——- cured at RT f = 1= ?e;t to lOOrC
_|—-- post-cured ,, |} = - T H
:1"1 I: % -30 — - 2hrs : .
B J 1l .r| 3‘\ N I
: ' il 7 H
7 j ! ;'? ! 5 -40 -
I} I\I E
4 L AT . -
: I = I A ) A N——
L .H "!\. i\ . TR
Tl TG BN T
L N e A e S e B
1534 1536 1538 1540 1542 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)
PRt ()W R A BRI
(L )Fs B i Hp AF el 2 4 1
S9N4 SON4
Curing Process Post-Curing
=== before curing -20 - ——-- cured at RTo
——-- cured at RT ) lllel?t to 100°C
_|—=-- post-cured o - T
P oo N 2 30
e~ ——— _{lr_.__/ o 2
4 Tt ’l'vl 1 Z‘ i
BN Z
— I-, .l | || g 40 |
i N R £ i
T o .../_——“.:’\ . 5)
- ll\.’ Vi - % -50
- T Q-‘ H
T ‘ T ‘ T ‘ T '60 T ‘ ‘ T ‘ T
1534 1536 1538 1540 1542 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)
R ()FERACELRA L
(% )fs B i Hp R el o 5 1L
88

1544

1544

T b U T

1544

e B R

doi:10.6342/NTU202303943



S9ON7
Curing Process

S9ON7
Post-Curing

-20 -20
=== before curing ——- cured atRT
—_ 4==+ cured at RT - |—— heat to 100°C
£ —-- post-cured E
£ 30 P A g 30
= i )
) gl .
= b i ) = 4
g o 2
2 40+ Pl !:1' i 2 10
. i 5
g ARTA 2 |
-50 | 1 -50
SV R P s :
bl *-d=w ==
— 1 1 T — T T T T T T
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

i+ ] 28 SON7

B e PR BOE AR R T

(Z)FRAMER

(%)fs B 1Y Hp R e 3 5 1L

B £ AR

SONB SON8
Curing Process Post-Curing
-30 -30
|===before curing |7 curedat RTD
Tasd™ cured at RT = a5 — ?e;“ to 100°C
77 7] —-- post-cured R T
% § P % 4=-=- 2 hrs
2 -40 i 2 -40
=z n z
5 ] T 5 ]
= .45 R E .45
5 1< LW 5 i
= it - ‘J A __" A= =
2 50 ~.;'_'::-:,-s*--"'_."l kY 2 50
I~ s ]
e J— ) .
-55 b -55 b
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)
] 29 SONS B 1t e o PR BT 4 1 ¢ (2)F R A I s g

(% )i B v Hp B el o g 1

S1.P9.DC70
g in dry cabinet Specimen
| —&— SIN3
4] ——&— SIN6
g 0
&
<
4 Aan
8~
\ \ \
0 20 40 60
Duration (day)
"B 30S] Fic AL B G E TSN > B E T %RE X %0

2)HTIE S Ro
89

doi:10.6342/NTU202303943



Power intensity (dBm)

&
S

IS
S
|

&
S
|

_|in dry cabinet Duration
fii —— 7 days
i I —-—- 77 days

S2N7.P6.DC82

I I I
1536 1538 1540 1542 1544

Wavelength (nm)

"B 31 S2N7 5 Uk Hp AR 2 5 1

S2.P6.DC82
87in dry cabinet Specimen
1 —@— S2N2
——A— S2N7
4 —
o ‘ﬂmn‘
-4 -
-8
I I I I
0 20 40 60 80

Duration (day)

B 322G E R IR o PP BAE T HRY (G T X)NRIEL Ro

S3N3.P13.DC29

S3N3.P13.DC29.DB60

=25 —; -
|in dry cabinet Duration in dry bag after in dry cabinet
g 307 === Odays ) -307 Duration
o] 7 9 days o) ——— 0days
Z 35 —-—- 29 days R
z g 2
2 40 & -40
2 2
g 1 ) g
5 45 A 8 i
i —rm o~
% . "'j\ [ "'\ - S % P~
A~ =50 | [ Ay armrty] A~ -50
U U S
-55 T ‘ T ‘ ‘ ‘
1536 1538 1540 1542 1544 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

TR 33 SAN3 e AR R L (2)ick Y (P29 R BB IR

90

doi:10.6342/NTU202303943
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o
< A~
g 0 e _g__ A
2 0o ___
<
-4 —
| Specimen
o | —-@— S8NI
) ——&— S8N8
I I ! I ! |
20 30 40 50 60
Temperature (°C)
TR 82 S8 FrE K BB MRER R MRS R R IR
SIN7.P9.H30.pDC40 S1.P9.H30.pDC40
20 -| === before heating g | drying after 30 days of heating
— — heated for 30 days
g 7 —-—- dried after heating 7
as) N
=
2
‘7
=
3
g
St
o .
E | Specimen
A~ X —&— SIN2
Fe—— ‘Trrezisured at RT ~&— SINT
! I I ! I ! I I I ! |
1536 1538 1540 1542 1544 0 10 20 30 40
Wavelength (nm) Duration (day)
(] 83 SINT & i SR 3 13 47 28 5 1t R 84 S1 B E KR

¢,
L4 L

o qp R Hp BF 2 1e

101
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S2N1.P6.DC7.H75

-30
| === before heating
fé\ 351 heated for 30 days
/M
= 1
N—
2 -40
B2
4 1
8
E 45
-
5 1
2
£ 50
| measured at RT
'55 ‘ T ‘ T

I
1536 1538 1540 1542 1544
Wavelength (nm)

"B 85 S2N1 B B MR T (S AR S 1

S3N1.P13.DB19.HD30.pDB40 S3N7.P13.DB19.HD30.pDB40
-30 before heati -36
T he orz featSII(;gd 4 ——— before heating
’é\ 1 de.a t; for h 2y ’é\ 40 | —— heated for 30 days
m ried after heating m —-—- dried after heating
= A |
40 |
*E‘ 40 in dry bag *E‘ -44 4 :
= measured at RT I 1 WA
2 3 N iy
g i .8 -48 1o
= - | | in dry bag
§ 50 \ E ’ '. N measured at RT
o - \ o 52 o Vv
A L oaa / Vd A~ '. |' v \ " ArveN~
Ny WA NP 1.4 U anar™™™
B v Jl“l \
N R — \ -56 N R — \
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

1] 86 S3 B i MR B MR SHRH T 1 (=)S3NL 5 (+)S3N7

S3.P13.DB19.HD30.pDB40

g | drying after 30 days of heating
in dry bag
4 1
§ 4
g 0
& S
<
-4 — .
Specimen
| —@— S3NI
-8 ——&— S3N7
I I I
0 10 20 30 40

Duration (day)
R 87 S3 i MR TS AR T

102

doi:10.6342/NTU202303943



S8N2.P1.DC13.H30.pDC40

S7N1.P2.DC59.H4

)| ——— before heating
heated for 4 days

~ |
: :
g 40— [
= i
R7)
R= 1 |
|
—
48 | /
g 48 ]
o
o
-52 measured at RT
I I T I T
1536 1538 1540 1542 1544
Wavelength (nm)

B 88 STN1 B B MR T (S AR 4 % 1

S8.P1.DC13.H30.pDC40

-30
——— before heating g drying after 30 days of heating
~ heated for 30 days
g b —-—- dried after heating ]
< 4 ﬁ. °
2 -40 & AL 09%¢ 00®00-¢_ o - 00
.— N—
2]
g Z 0 A
2 i % 0 k“‘—‘“*&*— —A-__A_A
E =
5] -4 .
% .50 Specimen
~ i —-@— S8N2
-8 ——A— S8N7
R measured at RT
I ! I ! I I I
1536 1538 1540 1542 1544 0 10 20 30 40
Wavelength (nm) Duration (day)
] 89 SN2 B L iR 15473 R 1 % 90 S8 & iE MR
(SR BT it
S8N1.P1.DB13.HD30.pDB40 S8N8.P1.DB13.HD30.pDB40
e . -|—==—before heating
before heating heated for 30 days
= -30 heated for 30 days = —-—- dried after heating 4*
=) —-—- dried after heating =) -30 — &Y
as] /M
= i o
N N -
4? 4? in dry bag
& -40 in dry bag & -40 —| measured at RT
2 3
E measured at RT E
— T — 7
5} 5}
2 50 2 g
-V N \ o ———zt =9 -50 7§\ ’.\' 4. l
\"j\’ \!,,:7‘:: - 2 = mm ARG =y I cxmmo !)’ h/\ﬁ.’ff"a
) T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T
1536 1538 1540 1542 1544 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

Wl 91 S8 Tk K B R MR R MIRW

103

AR (2
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Power intensity (dBm)

Power intensity (dBm)

S8.P1.DB13.HD30.pDB40

drying after 30 days of heating
in dry bag

Specimen

—-@ — S8NI
——&— S8N8

SINI1.P9
heating in water ——— atRT

-40 —| at 60°C
-44

-48 —

-52

T ‘ T ‘ T ‘ T
1536 1538 1540 1542 1544
Wavelength (nm)

IR 93 SINT =18 #7335 v

S3N2.P13.DC19

heating in water
-30 9 === atRT
at 60°C
,'
i ki
P
Pl
-40 | 1
fo
[
T [
[
: \
-50 — i
o \

1534 1536 1538 1540

Wavelength (nm)
] 95 S3N2 B 4 3 4 1t

1542

104

Power intensity (dBm)

Power intensity (dBm)

LN

\ \
30 40

Duration (day)
R 92 S8 Frfk WY 3R MR e

FOURHP R T PRI

S2N4.P6.DC7
heating in water
——— atRT
-30 at 60°C
-40 —
-50 —
T ‘ T ‘ T ‘ T

1536 1538 1540 1542

Wavelength (nm)
" BB) 94 S2N4 = B HF 1

1544

S3N4.P13.DC19

-30

| heating in water
-35
-40 —
-45
-50 —

™o \‘A»’v\a,.,.n
-55 - S Aal

! I ! I I
1534 1536 1538 1540 1542

Wavelength (nm)
] 96 S3N4 = 8 47 2 5 1t
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S3N5.P13.DC19

heating in water

—== atRT

&
S
|

-40

Power intensity (dBm)

-50 —

I
1534 1536 1538 1540 1542
Wavelength (nm)

"R 97 S3NS g i

S7N3.P2.DC59

-32
| heating

36 —-—= at21°C
at 60°C ¢

Power intensity (dBm)

1534 1536 1538 1540 1542
Wavelength (nm)

it ) 99 STN3 = R 47 3 % 1t

S8N3.P1.DC13

heating in water  _ _ _ at RT

e 307 at 60°C
m

= ]

2

& .40

8

§=

= ]

o

g

A~ =50

I I ! I

1534 1536 1538 1540 1542
Wavelength (nm)

it 101 SSN3 = 5 47 3 & 1

105

S3N8.P13.DC19

[
S

| heating in water

== atRT

E
(=] ()]
|

Power intensity (dBm)

I I I
1534 1536 1538 1540 1542
Wavelength (nm)

B 98 S3NG6 < R AF & i

S7N4.P2.DC59

-30
heating
| "
—== at21°C fj
359 at 60°C |41

Power intensity (dBm)

1534 1536 1538 1540 1542
Wavelength (nm)

"Bl 100 STN4 = B #g 3% % 1t

S8N4.P1.DC13

heating in water ~——= atRT

Power intensity (dBm)

1534 1536 1538 1540 1542
Wavelength (nm)

] 102 SSN4 =L 5 H7 2 5 1
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S8N5.P1.DC13 S8N6.P1.DC13

30 -| heating in water ~——=— atRT 30 -| heating in water =~ ——=— atRT
at 60°C

at 60°C

Power intensity (dBm)
A
(=)
|
Power intensity (dBm)
A
(=)
|

&
IS
|
,
Wi
S
|

1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)
it B 103 SEN4 = 7 #4F % g it i+ B 104 SEN6 = JF #4F 3% % it
SIN1.P9.130 S1.P9.130
-30 20
in water at 60°C Duration i A/A\ during immersion period
’g 4 ——-— 0days
m ——- 1day
= 40 - —— 4 days
@ | \—-- 30days
7] 4
¢ \
g \ _ | Specimen
?g S0 NmmmeEEes SINI
z FeimmTIel SIN4
=8} i [NERPRE 2 ot
............. SINS
L 0 \ \ ‘ !
1536 1538 1540 1542 1544 0 10 20 30
Wavelength (nm) Duration (day)
"] 105 SINT i e 44k Bp 7Y 4F 2 8 1 " 106 S1 ;256 # -k e
EEAECRIE T g
S3N2.P13.DC19.130 S3N4.P13.DC19.130
in water at 60°C in water at 60°C
A
= -30 . I = -30
g Duration i ill g Duration ,‘\
jas) [ jas) hE
T ook S| --oms A
2 —— 2 days Y = ——- 2days ]
7 40 | —_— 10days / 'l; ‘@ 40 — 10 days | ‘q"
5 —-- 30days | !l g —- 30days { ,V
k= P k=
— 1 | (- T :
[} [}
S e X 3
2 50 1o~ . S -50
\:‘:1".:‘7';7'“’"’”f
1 \ \ \ \
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

it 107 S3N2 j&ie Aok Hp AR SH 10 ' [B] 108 S3N4 & ie £ -k Hp B AR 38 5 1

106
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&
S
|

S3N5.P13.DC19.130

in water at 60°C

Duration

4 ——-= 0days
2 days
—— 10 days
—-- 30 days

S3N8.P13.DC19.130

in water at 60°C

[
S

Duration
——— 0days
2 days
—— 10 days
—=-- 30 days

Power intensity (dBm)
A
S
\
&
(=)
\

Power intensity (dBm)
A
(=)
|

&
S
|

I
1536 1538 1540 1542

Wavelength (nm)
it B 110 S3N8 iz ie £k B A7 o % 1

I I I
1536 1538 1540 1542 1534

Wavelength (nm)
R 109 SINS i #ok #p B AF 3 5 1t
S3.P13.DC19.130

7 during immersion peri(idA__k_‘__*/_/
AL

1534

R

x\*,xx\x__#,
Specimen
—@— S3N2
—-%— S3N4
—-&-— S3NS5
—-— S3N8

T ‘ ‘ T
10 20 30
Duration (day)

R 111 S3 iR Rl izie R T gt

S7N3.P2.DC59.14 S7N4.P2.DC59.14

-25
< in water at 60°C Duration | in water at 60°C Duration
—_ F
/g 35 0 days /g 230 - - i 0 days
/M m g I — 1 day
= 1 T 35 H —-—- 4 days
2 -40 2 i
a ) & 40 d
8 8
g g ]
= -45 — 5 45 —|
2 . 2 ,
] o 50 —|
A 50 | TR ~N\ A -
i SESRIEEE - }
— T T -55 T T T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544

Wavelength (nm)
Kﬁ’ B] 113 STN4 =2 ‘éi Kk Hp FE’!&‘H:F'-;—H- 3%4 L

Wavelength (nm)
Kf‘]’@ 112 STN3 &2 %‘L K Hp FIE'F‘H;F"}H % i

107
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S7.P2.DC59.14

20 P : -
during immersion period
] =]
16 — “
%%
] A
S 2 &g
< & -©
g - A
& 7 ,
2 g X Specimen
< |/ /0 B~ S7N3
a/ O S7N4
47 —-A— S7N5
—-%— S7N6
0 \ \ \ \
0 1 2 3 4 5
Duration (day)

"R 114 S7 mie ok mizie ORI RF T g

S&N3.P1.DC13.130 S&N4.P1.DC13.130
-20
in water at 6OQCA Duration in water at 60°C\ Duration

230 il === 0days = ] a VY === 0days
a8 » 'l —— 2days M 30 II "tl ——-- 2 days
= 1 Il —— 25 days = H —— 25 days
2 ,!l —-- 30 days 2 1 1 —-- 30 days
B 40 I g7
5 X 5
g i g7
— b ' b
[} . ()
2 2
s -50 £ -50 |

| I I I | I I

1536 1538 1540 1542 1544 1536 1538 1540 1542 1544

Wavelength (nm) Wavelength (nm)

R 115 SBNB iie Fk p AT 1 ) 116 S8N3 iy £k Ao % 1t

S8NS5.P1.DC13.130 S8N6.P1.DC13.130
in water at 60°C in water at 60°C Duration
-30 . : 230 4 ——— 0days
Duration fl il ——- 2 days
/=== Odays 4 l‘ i \ “ —— 25 days
I ll —-- 30 days

Power intensity (dBm)
IS
[
\

Power intensity (dBm)
IS
[
\

-50 Mmoo -50
1 T ‘ T ‘ T ‘ T 1 T ‘ T ‘ T ‘ T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

K 117 SN sz #K 3 BT (W] 118 SBN3 sk e #-k i B AR % 1
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S8.P1.DC13.130

| during immersion period

Specimen
—-@ — S8N3
—-%— S8N4
——A&— S8NS5
—--— S8N6

‘ T
20 30

Duration (day)
I 119 S8 i e #ok mizie £k I Y T P s

SIN1.P9.130 S1.P9.130
28 ; - -
7 cooling after 30 days of immersion | cooling after 30 days oflmrpersmn
—~ 36 ——— at60°C Specimen
E ] A at RT 24 —@— SINI
= 0 l‘ N —-%— SIN4
. | —~ N\, A
é, | || &\cl 20 | \‘\‘ & SINS5
Z \ 2 . —%— SINS
8 44 ! & )
k= \ & 16
e B 1 <
2 1
Z -48 N e
~ | - 12 —
-52 —
e 8 \ \ \ !
1536 1538 1540 1542 1544 20 30 40 50 60
Wavelength (nm) Temperature (°C)
W) 120 SINT i35 #4 -k 16 "5 47 3 % 1 B 121 S1iE e #ok e
EEACRISERER IR
S2N4.P6.DC7.175 S2.P6.DC7.1
-20 : : :
cooling after 75 days of immersion 28 | cooling after immersion
fé\ Specimen (days of immersion)
M 30 4 @ S2N3(30) -%- S2N4(75)
) - R 24 — x_ ¥~ S2N8(30) —A— S2N5(75)
2 S ~
= <
S 40 x
g &~
o <
o
2
L -50
\ \ \
1536 1538 1540 1542 1544
Wavelength (nm) Temperature (°C)
BB 122 S2N4 j2 e £k 148 v R AT A 1 ) 123 S2 iE e fok e

REFORSEE TR

109
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S3N2.P13.DC19.130

cooling after 30 days of immersion

T 30 ,ﬁ--- at 60°C
@ 0" at RT
) : 1

> h

£ N

& -40 1

2 1

8 l' \

[ ) \

()

% / ‘(‘

a -50 \

I I I
1536 1538 1540 1542 1544
Wavelength (nm)

SR 124 S3N2 & Fok i 5 R
Tt

S3N5.P13.DC19.130

cooling after 30 days of immersion
n

&
S
|

—-—= at60°C
at RT

Power intensity (dBm)
A
=]
\

&
S
|

1536 1538 1540 1542 1544
Wavelength (nm)

" Bl 126 S3NS & ¢ # -k 185 R

Tt

S3N4.P13.DC19.130

cooling after 30 days of immersion

=== at 60°C
at RT

&
S

h
)\
|
|

4

\
|
|
|
|
|
|
\
\
|

Power intensity (dBm)
A
S
\

&
S
|

I I I
1536 1538 1540 1542 1544

Wavelength (nm)
YR 125 S3N4 & ok (s "5 R
W

S3N8&.P13.DC19.130

_30 i cooling after 30 days of immersion
=== at60°C
at RT

Power intensity (dBm)

1536 1538 1540 1542 1544
Wavelength (nm)

"I 127 S3NS 25 £k 18 5 R

I

S3.P13.DC19.130

-

cooling after 30 days of immersion

.

. T~
Specimen .

o
_‘_
j\+ —

T~

~.
S3N2

S3N4

S3N5

S3N8

) 128 S3 i ¢ #u-

Hi

30 40 50 60
Temperature (°C)

Kz ok R R R
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S7N3.P2.DC59.14 S7N4.P2.DC59.14

-30 ; q :
cooling after 4 days of immersion cooling after 4 days of immersion
) - 60°C
= h ——— at60°C =30 | h i
£ -35 I . = I at 21°C
% | :|| at21°C % ::
~—~ ] \ ~—~ B ]
E ¥ z o
g | I £ -40 P!
B I B 1
E 454 ,' | g : v
o | \ — 7 \
o \ o [
2 | ; \ 2 1" \ S A
Ay =50 /’ e Ay =50 " AWASN ALY
I I I I I I
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)
%R 129 STN3 & #o-k i "5 8 “tH] 130 STN4 % #-k 18 "5 8
g ETTE
S7.P2.DC59.14
32
| cooling after 4 days of immersion
28 | Specimen
| o S7N3
@ O S7TN4
< 24 —-a— SINS
£ | %~ STNG6
&~ 20—
<
16 -5
o ————mmmmm— ===
20 30 40 50

Temperature (°C)

R 131 ST iRie ok miRe ok EE R R

S8N3.P1.DC13.130 S8N4.P1.DC13.130
-20
cooling after 30 days of immersion cooling after 30 days of immersion

= -30—+ === at60°C _ b '4\| ——— at60°C
g at RT &
= - A
2 2 1
2 -40 - z
2 8 40
E E
— ) —
[} 5 i
: :
SRl R B W S = & -50 | ;

- \v./\' ~ N

| I I I I I I
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)
%] 132 S8N3 & #u-k i "5 R it B 133 SEN4 =2 -k 1S "5 R
o s

111
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Power intensity (dBm)

" B 134 SENS iz e # -k {8 "R

Power intensity (dBm)

&
=3

IS
S
|

&
S
|

S8N5.P1.DC13.130

S8N6.P1.DC13.130

cooling after 30 days of immersion
| === at60°C 1 g 30
\ as)
o
| N— 1
2
& 40
8
g
- 1
1 5}
2
A -50 —

“|=== at60°C
at RT

cooling after 30 days of immersion

I I I
1538 1540 1542
Wavelength (nm)

1536 1544

1536

I I I
1538 1540 1542
Wavelength (nm)

1544

"t ] 135 S8N6 iz # -k {8 "% R

e L o
S8.P1.DC13.130
36 — cooling after 30 days of immersion
1 * Specimen
AN
3 N —-@— S8N3
] . —-%— S8N4
S . —-A— S8N5
- 28 S\~ S8N6
2z | % N
< 24 AT~ AN
\\\\\\\ AN
B S~ \\
.\\\\\ \\\:\\§
20 R
I I I |
20 30 40 50 60
Temperature (°C)
R 136 S8 iR ok EiRie ARG ER T IR

SIN1.P9.130.pDC40

SIN1.P9.130.pDC40

| === before immersion

— (}ried after immersion

immersed for 30 days

™

measured at RT

-30 - - - -30
drying after 30 days of immersion
Duration _
-35 . ——-= 0days ‘% -35
7 i ——-- 5days = E
-40 | oy
2]
i =]
2
45 R=
=
o
1 =
o
-50 ~
! I

\ \
1538 1540 1542
Wavelength (nm)

B 137 SINT i £k ()15 50 8

1536 1544 1536

112

\ T
1538 1540 1542
Wavelength (nm)

(2% 6 W

1544
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S1.P9.130.pDC40

24
drying after 30 days of immersion
20 Specimen
] —&— SINI
— L —— SINS8
X 16
N
(=3
o 1
12
<
8 —
4 \ \ \

0 10 20 30 40
Duration (day)

LR RNV ESEE- R S Tt SERER et $:LN N L

i

S2N4.P6.DC7.175 S2.P6.DC7.130.pDC45

-20
——— before immersion 20 drying after 30 days of immersion
ré\ immersed for 75 days
Specimen
;A 30 - 16 —
) . —@— S2N3
. é‘ i E\i 4 —-&-— S2N5
v b —
8 40 e 12
E Z -
8 7 8
g
& -50 7
4 —
B measured at RT
! I ! I ! I ! I I I ! I
1536 1538 1540 1542 1544 0 10 20 30 40
Wavelength (nm) Duration (day)
B 139 S2N4 32 58 #1 -k % 14 47 2 5 1t ) 140 S2 j2 5 -k (5 4%
GIRBET RN
S3N4.P13.DC19.130 S3N5.P13.DC19.130
——— Dbefore immersion - === before immersion
— 30 - immersed for 30 days —_ immersed for 30 days
= g -30 -
as] as]
= &)
2 2 i
Z a0 =
8 g 40
.8 .8
— T = g
(] (]
2 2
S 50 ] & -50 |
g e me\agﬁr’evd\'at RT E measured at RT
T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

TR 141 S3N4 j2 e #okw S AEE R fhB] 142 SINS ik Fok T R

113
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Power intensity (dBm)

Power intensity (dBm)

[
S

IS
S
|

&
S
|

S3N2.P13.DC19.130.pDC40

S3N2.P13.DC19.130.pDC40

drying after 30 days of immersion | === before immersion
. —_ —— immersed for 30 days
Duration ) g 30 = dried after immersion
—_ m -
0 days =
> |
B2
5 -40
g
T b= 4
5}
2
A, -50 —
N measured at RT
T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542

Wavelength (nm)

Wavelength (nm)

R 143 SIN2 e #ok (2R (L)W pEe

S3N8&.P13.DC19.130.pDC40

Wavelength (nm)

S3N8&.P13.DC19.130.pDC40

-30
drying after 30 days of immersion ———before immersion
i [} — —— immersed for 30 days
.35 |  Duration 1 h = -30 —-—- dried after immersion
H @
| === 0Odays :!:| =) p
—_— I ~ M
-40 ddays JhN 2 oy |
—— 30 days = 0 1A
1 —-—- 40 days | § -40 — :,‘, |
' = 1t
' T i
e o ] ,‘ [T I e
53 oot ! \ -~
] ] |
Ay =50 [ N S
~,' ‘qf
measured at RT
T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542 1536 1538 1540 1542 1544

Wavelength (nm)

(EI 144 SINS i2ie ok (L)EIERBE ()P HHE "

S3.P13.DC19.130.pDC40

32 .
¥\+ Specimen
% —@— S3N2
o 28 \ R
i\c/ \+\ % — S3N8
(= \\
a4 %
24 — N
P~ N
3 | 4

\drying after 30 days of immersion

B S

0 10 20 30 40

Duration (day)

TR 145 S3 iR AR sk et s kPR R L
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S7N4.P2.DC59.14

——-— before immersion
—— immersed for 4 days

Power intensity (dBm)
IN &
(=] (=)
| |

[
S
|

i measured at RT]
T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542
Wavelength (nm)

B 146 STN4G &2 # ok ah 15 47 3% % 1

S&N3.P1.DC13.130 S&N6.P1.DC13.130
| === Dbefore immersion ——— before immersion
/é\ —— immersed for 30 days g .30 | —— immersed for 30 days
m =30 m measured at RT
= =
2 i 2
= =
5 40 g 40
R= R=
— i o i
[} [}
2 2
A -50 A =50
g measured at RT
T ‘ T ‘ T ‘ T T ‘ T ‘ T ‘ T
1534 1536 1538 1540 1542 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)

"] 147 SEN3 Zie Ak (SHAE R 10 B 148 S8N6 =g -k we (S H4E g 1t

S8N4.P1.DC13.130.pDC40 S8N4.P1.DC13.130.pDC40
-20 — drying after 30 days of immersion ———before immersion

—_ o 20— —— immersed for 30 days
E ] | Duration E —.—- dried after immersion
/M i /M

T 30 - ——=- 0days =

z > 30

= =]

2 2

.8 -40 g ~40 —

oy 8

= 1 z

= Y R R N Y R ]

- -50 - 250 -

! I ! I I ! I ! I ! I T
1536 1538 1540 1542 1544 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

B 149 SNA 2 #ok (L) FcR DB (L)W s g
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SENS5.P1.DC13.130.pDC40 S8N5.P1.DC13.130.pDC40

-20
drying after 30 days of immersion —=—=—before immersion
7 . 304 —— immersed for30 days
Duration —-—- dried after immersion
307 . 0 days il

N
S
|

-
-~ -
S~ ~———
N~ ———

Power intensity (dBm)
W
()
\

Power intensity (dBm)

7 e
measured at RT
T ‘ ‘ T ‘ T
1542 1534 1536 1538 1540
Wavelength (nm)

Bl 150 SENS iZie #ok (Z)Bac PR (w)w fs MHR

-
- pha JTCR

-60 \
1534

\ \ \
1536 1538 1540
Wavelength (nm)

1542

S8.P1.DC13.130.pDC40

28
drying after 30 days of immersion
24 .
\ Specimen
1A
~ Xa, a —-%— S8N4
S 20 % \ ——&— S8NS5
b 4 \
& Xx \‘x‘\
16— AA_
< Xx A,
12 X\x"\xx A
R I
. K —gext
8 \ \ \
0 10 20 30 40
Duration (day)

) 151 S8 e #oK AR RS TR T T g

g | BHBA e 4 %3 Gk
T SO EE=EY -0 %
SIN3 7399
7702.5 3.94
SING 8006
S2N?2 7503
7753 3.22
S2N7 8003
S3N3 7524
7518.5 0.07
S3N6 7513
S7N2 7505
7504.5 0.01
STN7 7504

R 152 R AT Y 5 A
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S2N7.P6.DCS82
-46
i \ Load (N)
A :: ==
@ -48 l'i 1A 500
= i AP —— 1000
> 1 | i 1
g i, |'!l, I fiag —-- 1500
50 Pt e NIy —
£ 50 i N ll’ | fid 2250
.E i : |. ‘l' 1 "
o} I 1
Z -52— ! v
o I
~ []
b ]
]
-54 : ‘
1536 1540 1544 1548
Wavelength (nm)

1552

S2N7.P6.DC82

Measured at 500 N
-46
| Unloaded from (N)

z — 500
M -48 o —-—- 1000
<
2
£ .50
L
g
=
(o]
2 252
]
(=™

-54

1536 1538 1540 1542 1544

Wavelength (nm)

) 153 SINT Wic i ASL S 2 W AR 1 1 (2)3 F f 5 (2)F ¥ 500N

S3N3.P13.DC29.DB60

Load (N)

/‘\_30— -
2 0
g i — 500
. A i ; , —— 1000
2 Kl " M N —-- 2000
I | y \ l" 1 T3]
g0  r o F ,h.lnu\\ ——- 2500
s [ . ’/' Y [
AR R TR

. ! .
g oWl [ N
£ .50 ; - AT

[ [ [

1536 1540 1544 1548

Wavelength (nm)

1552

S3N3.P13.DC29.DB60
Measured at 500 N

o)
(=}
|

IS
S
|

Power intensity (dBm)

(%3
f=]
|

Unloaded from (N)
— 500

15

\ \ \
1538 1540 1542
Wavelength (nm)

36 1544

it 154 SAN3 Wi AR s 2 W AR HF R 1 (2)F kb f 5 (L) 500N

S3N6.P13.DC29.DB60

—_~ _30 —
=)
M
= J
2
& .40 -
o
=
- 1
o
g
A =50 4
: \ \ \
1536 1540 1544 1548
Wavelength (nm)

YR 155 SANG W57 R {4 2 A 3 %

—
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1552

S3N6.P13.DC29.DB60

Measured at 500 N
Unloaded from (N)
,g 30 4— 500
o —-—- 1000
<) —-- 2000
b .
E 40 —
R=
= 1
2
o
A =50
\ \ \
1536 1538 1540 1542 1544

Wavelength (nm)

LI ()RR i“ ; (‘é-)éﬁvfrjh 500N
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SIN7.P9.H30.pDC40
-20
Load (N)
E | _ (5)00
-30 4 -
< —— 1000
2z —-- 2000
g
£ 40
8 1
z
o £
~ -50 -
\ \ \
1536 1540 1544 1548 1552
Wavelength (nm)
"R 156 SIN7 B B MRS WHEHR T 1 ()7
S2N1.P6.DC7.H75
Load (N)
) -— 0
Eg — 500
= ——- 1000
g —-- 1500
£ ——- 2250
g \. Ylias -‘mv_,r/ﬂ'
5}
z
o
=¥
-54 ‘ \ \ \
1536 1540 1544 1548 1552
Wavelength (nm)
"R 157 S2N1 B B MRS WHEH R 1 ()7
S3N1.P13.DB19.HD30.pDB40
Load (N)
’E\ -30 s —— 0
3 i A
- 4 (1] |
z i
& .40 —| M
5 10
k= ! ll
5 1 1
£ !
5 ]
A~ -50 ! £ ARSI ZI TR
el
‘ \ \ \
1536 1540 1544 1548 1552
Wavelength (nm)

SIN7.P9.H30.pDC40
Measured at 500 N
20

Unloaded from (N)

Power intensity (dBm)

1536 1538 1540 1542

Wavelength (nm)
gAY (2w 500N

1544

S2N1.P6.DC7.H75
Measured at 500 N

| Unloaded from (N)
500

Power intensity (dBm)

\ \ \
1538 1540 1542
Wavelength (nm)

Fg s (+)Ffw 500N

1536 1544

S3N1.P13.DB19.HD30.pDB40
Measured at 500 N

Unloaded from (N)
-30 4 —— 500

Power intensity (dBm)

1536 1538 1540 1542

Wavelength (nm)

1544

SR 158 SINT B IR MUBR IS £ W R 1 (2)3 F f 5 (L) % 500N
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S3N7.P13.DB19.HD30.pDB40

Load (N)
7z 30 -— 0
Eg — 500
=] —-— 1000
Z —-- 2000
s ——- 2500
= Wad s
5 Jw\'./\l -\I\.JL W ——
3 TSt ST I~
)
-9
I I I
1536 1540 1544 1548 1552
Wavelength (nm)
V] 159 S3NT B R GRS W AF G 1 (2)7
S7N1.P2.DC59.H4
-36 Load (N)
e 4 "l,‘ ol — (5)00
40 - AT I
g i LI —— 1000
2] I
z e O O Y T
g T T O T | T O e
548 vl Ny N
R e eV A D 2 VA e SRR
5 J
£ Y W2 e Y L ANPRIOSCE Lo i
S52 S i D
I I
1536 1540 1544 1548 1552
Wavelength (nm)
"t 160 STN1 5 /§ M Re - W ARZHF R 1 ()7
S8N2.P1.DC13.H30.pDC40
Load (N)
e -—=0
Eg — 500
= —-—- 1000
= —-- 2000
£ ——- 2500
g
5}
2 J—
)
[
\ \ \
1536 1540 1544 1548 1552
Wavelength (nm)

it ] 161 S§N2

B R MURIS WA GE T

119

e

Power intensity (dBm)

&

(£)3 F f

Power intensity (dBm)

Power intensity (dBm)

S3N7.P13.DB19.HD30.pDB40
Measured at 500 N

Unloaded from (N)
— 500

1000

—-- 2000

- 2500

[o)
(=]
|

I
S
|

93
(=}
|

\ \
1538 1540 1542
Wavelength (nm)

D (%)am w500 N

1536

A

1544

S7N1.P2.DC59.H4
Measured at 500 N

-36 7| Unloaded from (N)
40 -
44
48
-52
\
1536 1538 1540 1542 1544
Wavelength (nm)
B (2)Ffw 500N
S8N2.P1.DC13.H30.pDC40
Measured at 500 N
-28
| Unloaded from (N) l“
32 300 '
——- 1000 A
|—-- 2000 i
-48 — ‘ —
1534 1536 1538 1540 1542

Wavelength (nm)

D (£)# v 500N
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S8N1.P1.DB13.HD30.pDB40

S8N1.P1.DB13.HD30.pDB40 Measured at 500 N
-30 -30
1 Load (N) 4 Unloaded from (N)
E > 7’ — (5)00 g -
S 40 —— 1000 =
2 —-- 2000 2
£ 45 ——- 2500 g .
g =
5 50 )
z 1 z "
] o
A =55 A~
_60 ‘ ‘ ‘ 7 T ‘ T ‘ T ‘ T
1536 1540 1544 1548 1552 1534 1536 1538 1540 1542
Wavelength (nm) Wavelength (nm)
B 162 SENT F i MR UAEER T ()2 B {5 (%) v S00N
S8NS.P1.DB13.HD30.pDB40
S8N8.P1.DB13.HD30.pDB40 Measured at 500 N
B I’\‘!‘\ Load (N) Unloaded from (N)
z ".L 1" — 0 g 30— 500
=) jeh i —— 500 @ —= 1000 \h
= ' , \ I —-—- 1000 N H4—-- 2000 ,\ I
> A > /
£ ’,‘l VI h T 2000 = —
5 oo 1 == 2500 £ 40
E ANty E
5 [ . 5
E o PN L B
=~ ol g 2 Sy — Ay -50
\ \ \ \ \
1544 1548 1552 1536 1538 1540 1542 1544
Wavelength (nm) Wavelength (nm)

i ] 163 S8N8 % i MUR SR R AR 1 (2)F kA (F) R w S00N

S3N4.P13.DC19.130

Load (N)
fé\-SO* —_———-0
as] — 500 J
= 4
2
Z .40
8
g
= 1
o
Z
x -50

1536 1540
Wavelength (nm)

1544

S3N4.P13.DC19.130
Measured at 500N

&
3
|

S
S
|

Power intensity (dBm)
v

(=]

\

Unloaded from (N)
500

e _

1536 1540
Wavelength (nm)

1544

iR 164 SIN4 e ok s W AT H R 1 (2)F B f 5 (F)F 500N
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Power intensity (dBm) Power intensity (dBm)

Power intensity (dBm)

S3N5.P13.DC19.130

Load (N)
-—= 0

— 500
1000
—-- 2000
- 2500

1544
Wavelength (nm)

S7N4.P2.DC59.14

1552

-30
] Load (N)
A h -—— 0
7] i b — 500
i, N ,-‘i H —-—- 1000
40 H H i [ —-- 1500
I P ——- 2000
\ i ,
L
-55 \ \ \
1536 1540 1544 1548 1552

Wavelength (nm)

R 166 STNA 2 3% #4ok 15 42 1 4138 % 1t

S8N3.P1.DC13.130

(z)?

-20
| Load (N)
-—=0

30 B i — 500
Il A —— 1000

-40 —

-50 4 —

‘ \ \ \
1536 1540 1544 1548 1552

Wavelength (nm)

S3N5.P13.DC19.130
Measured at SO0N

Unloaded from (N)
— 500
- 1000

[
f=)
|

Power intensity (dBm)

\ \ \
1538 1540 1542
Wavelength (nm)

gt (2w S00N

1536 1544

S7N4.P2.DC59.14
Measured at 500 N

| Unloaded from (N)

-30

Power intensity (dBm)

-55

\ \ \
1538 1540 1542
Wavelength (nm)

Fg s (+)Ffw 500N

1536 1544

S8N3.P1.DC13.130

Measured at 500 N
20
Unloaded from (N)

= 500
é 30— 1000
N2 —-- 2000 .
2 l—— 2500 “
g A, !
g 40 ! ||'|||"| !
5 | IRARE T HE
; N
A~ 50 "

T ‘ T ‘ T ‘ T

1536 1538 1540 1542 1544

Wavelength (nm)

B 167 SSN3 iZie Fok e W AEH R 1 (2)F F L5 (F)F v 500N
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S8N6.P1.DC13.130

-20
| Load (N)
g _—__ (5)00
-30 -
= [ | —-—- 1000
) i n n
EN i i i —-- 2000
£ i ii I ——- 2500
i
5 AN ¥
1 LR H oA\
QO.. .50 - " |l ' 'JT;..I.\_-‘3‘(\,:\/._ll‘/'./;:,l',:!\-'\,‘\.ﬁ."\‘._"\/".’\/‘./'v".l\-'\."."“/'-rV A\
T I I I
1536 1540 1544 1548 1552
Wavelength (nm)
] 168 S8NG6 i e ok f2 4 1 MR 1 1 (2)7
SIN1.P9.130.pDC40
40
B Load (N)
E -42 3 -—=0
g — 500
= ——- 1000
244 —-- 1500
g J
E 46
) B __M/
E 48
‘50 T ‘ ‘ ‘
1536 1540 1544 1548 1552
Wavelength (nm)
BB 169 SINT ;25 £k~ 5o 1 40 0 47 3 % 1
N
S3N2.P13.DC19.130.pDC40
Load (N)
2 30 -—— 0
% — 500
<] —-—- 1000
z —-- 2000
g 40+ ,»"I\'- ——- 2500
= I S S N S A A R VT —
E | -
2
)
eI U [ B R O Sty
I I I
1536 1540 1544 1548 1552
Wavelength (nm)

S8N6.P1.DC13.130
Measured at 500 N
20

Unloaded from (N)
— 500
—-—- 1000
—-- 2000 A
4 === 2500

-30

-40 |

an NIV
NV A A

Power intensity (dBm)

[ \
1536 1538 1540 1542 1544
Wavelength (nm)

gt (2w S00N

SIN1.P9.130.pDC40
Measured at 500 N

42
Unloaded from (N)
44

-46

-48 |

Power intensity (dBm)

-50 ‘

\ \
1536 1538 1540 1542 1544
Wavelength (nm)

2)F S () w500

S3N2.P13.DC19.130.pDC40

Measured at 500 N
Unloaded from (N)
’é\ -30 500
m —-—- 1000
s
2
£ -40
k=
5 J
S
o
A =50
\

\ \
1536 1538 1540 1542 1544
Wavelength (nm)

SHIR 170 SIN2 e #k * So (SR AR 1 D (2)F kB f S ()i 500

N
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S3N8.P13.DC19.130.pDC40

367 Load (N)

e -—= 0

a -40 — — 500
= —-— 1000
Z 44 —-- 2000
g | ——- 2500
=

T 48

[

E i St
(=¥ -52 —

I I I
1536 1540 1544 1548 1552
Wavelength (nm)
R 171 S3NS &8 ok~ 5 54 W AF 8 1
N

S8N4.P1.DC13.130.pDC40

-28
1 Load (N)

g 32 -—= 0
%J 7 — 500
=36 ——- 1000
= 1 —-- 2000
§ -40 — ——-- 2500
= 1
5 44
% 4
~ -48 |

-52 T T T

1536 1540 1544 1548 1552
Wavelength (nm)

FER] 172 SSN4 5256 £k % F5 4% 15 4 1

S3N8.P13.DC19.130.pDC40

Measured at 500 N
-36 - Unloaded from (N)

2 J
m -40 —
< J
2

%44
a

B 4
R=

= 48
(o)

3 4
o

A 50

I I I
1536 1538 1540 1542 1544

Wavelength (nm)

D(2)F R R (B)F w500

S8N4.P1.DC13.130.pDC40
Measured at 500 N

1 Unloaded from (N)

IS
S
|

Power intensity (dBm)
2
|

1538 1540 1542
Wavelength (nm)

1544

T ()P R A (2)Frfr 500

N
S8N5.P1.DC13.130.pDC40
32 ;

] [ Load (N
o h i "| y  Loa ™)
g i ' th i 0
@ 36 h A s —— s00
2 "l R
2] L P ke - 2000
= | Iy 1Ir.?
£ -40 i ol - 2500
E J o [owr 14
o) " Y L H"\«l i
£ 44 P L T
o~ [}

i "
]
-48 T T T
1536 1540 1544 1548 1552
Wavelength (nm)

S8NS5.P1.DC13.130.pDC40
Measured at 500 N

_37 -| Unloaded from (N)
= 500 i
c% ——- 1000 Fy.énl
o HH
2 36 —-- 2000 ,ghl

.

z ——- 2500 v
)
=] H
2 40
8=
SR
£ 44
(=¥

-48 ‘ |

1536 1538 1540 1542 1544

Wavelength (nm)

K 173 SNS 26 Bk * G SR AR 1 (2)F kA ()i 500

N
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AR/R, (%)

AR/R, (%)

S1IN3.P9.DC70
Cyclic Loading

0

0 400 800 1200 1600 2000

Time (sec.)

Load (kN)

SIN3.P9.DC70

Unloaded
-6
—@— at50N
i —%— at500 N
X
? _84‘_’.—*":&&‘&&
e e x
< “oox
~ .\\x
< 10 3
®
'12 T ‘ T ‘ T ‘ T

0 2000 4000 6000 8000
Maximum load before unloading (N)

TR 174 SIN3 g o £ T e it ()RR HE 5 (w)a

SIN6.P9.DC70
Cyclic Loading

0

0 500 1000 1500 2000 2500

Time (sec.)

Load (kN)

SIN6.P9.DC70
Unloaded
-6
—-@— at50N
. —%— at500N
—_ -8 _
S x B XX
I~ 1% ‘\z\x
2 ¢ X
< o '\)‘\x
i\ %
| .\
®
_12 T ‘ T ‘ T ‘ T

0 2000 4000 6000 8000
Maximum load before unloading (N)

R 175 SING So8 i 4! RIS 1 1 (20 B 5 (2

S2N2.P6.DC82
Cyclic Loading

0

0 400 800 1200 1600 2000

Time (sec.)

Load (kN)

S2N2.P6.DC82
Unloaded
2
—@— at50N
i —%— at500N
4
SR —
= x¥- &~
g ey
i %
g X
1 t.x
-8 — \QXe(
i L
-10 T T T

0 2000 4000 6000 8000
Maximum load before unloading (N)

176 SIN2 S (i RIS L ()R W B (F)im
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S2N7.P6.DC82
Cyclic Loading
0 - 10
AR/R, ]
o —8
L 4 6
Q\{‘O B 4
g -0 1k
-8 - -2
'10 T ‘ T ‘ T ‘ T 0

0 500 1000
Time (sec.)

1500 2000 2500

Load (kN)

S2N7.P6.DC82

Unloaded
4
| —@— at50N
—%— at500 N
-6
S < X
< *
Z [ a3 X
< 8 M@‘(x‘ .\lxx
& %
< 1 .\Q
-10 °
'12 T ‘ T ‘ T ‘ T
0 2000 4000 6000 8000

Maximum load before unloading (N)

TR 177 S2NT g o 0 T it ()R B 5 (2)a

S3N3.P13.DC29.DB60

Cyclic Loading

6 8
4 AR/R, |
6
s
oy 4
&
<
2
0

0 500 1000
Time (sec.)

1500 2000 2500

Load (kN)

S3N3.P13.DC29.DB60

Unloaded
-6
—@— at50N
1 —%— at500N
X
< X
S ¥
£ x
2
< 0 ,(x/.‘r’
%
Ny xX
) wéz &
—12 T ‘ T ‘ T ‘ T
0 2000 4000 6000 8000

Maximum load before unloading (N)

R 178 SAN3 o it R 1 (2R I (2

S3N6.P13.DC29.DB60

Cyclic Loading

AR/R, (%)

0 500 1000
Time (sec.)

I 179 SING F2% (4 RIS L ()R W B (F)im

0

1500 2000 2500

Load (kN)

125

S3N6.P13.DC29.DB60
Unloaded

-10
—@— at50N
4 —%— at500N

-12

AR/R, (%)

3%
14— gmxx"x’
i @0 o000,

-16 T T T
0 2000 4000 6000 8000
Maximum load before unloading (N)
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S7N2.P2.DC63 S7N2.P2.DC63
Cyclic Loading Unloaded

o 3 o
cd S P
< ,_] <
; 31 —@— at50N °
; | | —%— ats00N
\
RNERL IR E . B
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
B 180 STN2 fe ' fs i Tres i 1 ()RR P 5 (L)
S7TN7.P2.DC63 S7TN7.P2.DC63
Cyclic Loading Unloaded
0 8 -6
o g o
& S P
< | <
\
| -10-{ —-@— at50N \\.
i k; ‘ 4 —%— at500 N \
P SR A S 4+
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
181 STNT Sosf it RIS 1 (2P0 B/ 5 (L)
SIN2.P9.H30.pDC40 SIN2.P9.H30.pDC40
Cyclic Loading Unloaded
8 -8
| -@- at50N
1 wepe— % —%— at500N
16 “‘.’J\:’.‘:’.(x
< z £ o3
X ) X
= < = o
& 14 <2 1 o
& | 8 & LW
< - < .12 e
—2 \x
\
| 1 B
®
0 -14
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

"R 182 SIN2 B MURI R W Treg it ()W PE 5 ()
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SIN7.P9.H30.pDC40

SIN7.P9.H30.pDC40

Unloaded

Cyclic Loading

\\ \.
X @ r
&
\x\\. [
i \
X e
N3 27 -
xt‘ =3
* L
xfe 4+ |
—® T I I
» = o =
(%) “4/4v
(N3 peoT
) el < o (=)

(%) v

2000 4000 6000 8000

1500 2000 2500 0
Maximum load before unloading (N)

1000

500

Time (sec.)

EHCEL

S2N1.P6.DC7.H75

R EARLIE) )

- (

S2N1.P6.DC7.H75

Unloaded

Cyclic Loading

z 2 :
[raRvel o
2% pot 3 L
I «W |
T
X0 —
m |
I ‘ I I
< © % = |
(%) "4V
(N3 peoT
e} o < [\l (=]

(%) “4rav

2000 4000 6000 8000

0
Maximum load before unloading (N)

W) 184 SONT BB (GRS S0 T gt

2000 3000

1000

Time (sec.)

)RS (2 )ar
S2N6.P6.DC7.H75

(=

S2N6.P6.DC7.H75

Unloaded

Cyclic Loading

—-@— at50N
—-%— at500 N

I I
=] o]
— —

] ]

(%) “4/av

(ND peoT

I
<
—

'

-16

2000 4000 6000 8000

0
Maximum load before unloading (N)

1600 2000

800 1200
Time (sec.)

400

()

AT

(%

/.
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S3N1.P13.DB19.HB30.pDB40 S3N1.P13.DB19.HB30.pDB40

Cyclic Loading Unloaded
6 8 -4
4] ARR, | -@— at50N
1 —-%— at500 N
6
—~ fan) — -6
- ~ S | % X
g 4 g g .——04:’.‘:%%,(,***,(
g S <4 g ®eq
®-o
) h
0 -10 \ \
0 400 800 1200 1600 0 2000 4000 6000
Time (sec.) Maximum load before unloading (N)

Y1) 186 S3N1 B i MyR{ie £ ¥ Fregit ()W HF ({—»)fﬂ"?k

S3N7.P13.DB19.HB30.pDB40 S3N7.P13.DB19.HB30.pDB40
Cyclic Loading Unloaded
6 8 -6
4] ] -@— at50N
B [ 4 —%— at500N
27 ~6 x
~ 0 e —~ -8 X
B i 1 o x
éo -2 . é °\vo X
&~ ] N [« 7
z 4 3 > xxx
< 6 13 < 0L 06, 0 XX 000
8 -2 '_&‘z*‘.
] | |
-10 LR .
s Tt R
_12 r U\ U k‘“‘ H -‘L‘\ U U ‘lJ U \U ‘J ‘ H U\ i ‘ 0 _12 T ‘ T ‘ T ‘ T
0 500 1000 1500 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)

" 187 S3NT BB MRS RN TR ()N P (L)Ir

S7N1.P2.DC59.H4 S7N1.P2.DC59.H4
Cyclic Loading Unloaded
-2
g 8
e &
&
g 2
6—- —@— at50N
] —%— at500N
-7 T T T
0 500 1000 1500 2000 2500 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S7N8.P2.DC59.H4 S7N8&.P2.DC59.H4

Cyclic Loading Unloaded
4 8 -2
1 AR/R, ' 1
-6
~_ 2 ~_
=X 1 =X
< £ <
2 14 7
& 8 &
< — <
) o
-6 —-@®— at50N Q
1 1 —%— at500N N
[
0 '7 T ‘ T ‘ T ‘ T
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S8N2.P1.DC13.H30.pDC40 S8N2.P1.DC13.H30.pDC40
Cyclic Loading Unloaded
8 4
i —-@— at50N
) —%— at500N
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< — < 4 x)(
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Time (sec.) Maximum load before unloading (N)
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S8N7.P1.DC13.H30.pDC40 S8N7.P1.DC13.H30.pDC40
Cyclic Loading Unloaded
8 16
-6
= ~ 12
SER- S B ¥ o - WP
138 ~ ox¥" N
- < g oo®
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| { -@- at50N
—%— at500N
—10 4 T T T
0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S8N1.P1.DB13.HD30.pDB40 S8N1.P1.DB13.HD30.pDB40

Cyclic Loading Unloaded
20 8 4
B | —@— at50N x
—-%— at500N
iy X
~ 10— fam —~ 07 //
S 12 S X
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> S & 4 X o
< o4 T < | x/x/ o
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0 500 1000 1500 2000 2500 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S8NS.P1.DB13.HD30.pDB40 S8NS.P1.DB13.HD30.pDB40
Cyclic Loading Unloaded
30 r 8 6
AR/R (- 1 —e— at50N x
***** ! 49 —%— at500N o
20 | | -6 . X
;\2 1 1z :\; 1 /’(
o 10 -4 35 o 0 /x/
= g 2 *®
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0 2 ] X "
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ALY Y WYY
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0 500 1000 1500 2000 2500 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S1N4.P9.130 S1N4.P9.130
Cyclic Loading Unloaded
18 8 12
{—— ARR, | ~-@- at50N
16— ————. Load 1 —%— at500N
—6
o ~ 10+
B Z X ®K—
< .
) < 3 -0 .. xx X
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Time (sec.) Maximum load before unloading (N)
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SINS5.P9.130 SINS5.P9.130

Cyclic Loading Unloaded
18 8 14
{—— ARR, | --@- at50N
Load B —-%— at500N
-6
= o ~ 12
S I
5 4 P — Q- X
& 4 = £ PO e-eee®
I~ 1 8 &
< ] | < 104
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0 200 400 600 800 1000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S2N4.P6.DC7.175 S2N4.P6.DC7.175
Cyclic Loading Unloaded
22 8 18
i AR/R, | | -@— at50N
20 —%— at500N
-6 16
~ 2 .
X 18 ) X A
<~ s - %K
& 4g 5 14 0%8" o -FFVZ
2 164 S 2
& 6 i »3 ] B
J} | -2 12
14 — f P4
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0 200 400 600 800 1000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S2N8.P6.DC7.175 S2N8.P6.DC7.175
Cyclic Loading Unloaded
14 8 10
] AR, | | - at50N
—-%— at500 N
- P
6 }/ ’)fg_ _——)._(—_ x«x—xg
1t e 6
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0 200 400 600 800 1000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S3N5.P13.DC19.130 S3N5.P13.DC19.130

Cyclic Loading Unloaded
52 8 44
501 AR/R, | X - — at50N
S —-%— at500 N
ap {s(
o o —~ 42 )
g Tz o
= < = S
7 14 < %
P> | 8 & \
< = < 40| 6*‘ X
-2 \ //,b
i g*,,
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0 400 800 1200 1600 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S7N4.P2.DC59.14 S7N4.P2.DC59.14
Cyclic Loading Unloaded
6 9
=
1T o
s
o
23 |
, 57 --@- at50N
4 —%— at500N
0 4 T ‘ T ‘ T ‘
0 400 800 1200 1600 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S7N6.P2.DC59.14 S7N6.P2.DC59.14
Cyclic Loading Unloaded
6 11
i 10
_ —4 ~ —_ o -0—-o_
S g <9 bW
%o i _g %c i L )
£ -
74 —-@— at50N
7 | —%— at500N
0 6 T T T
0 400 800 1200 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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S8N3.P1.DC13.130 S8N3.P1.DC13.130

Cyclic Loading Unloaded
20 8 16
AR, | --@- at50N
B —%— at500 N
6
o —~ 124
Z S
< <
4 ..8 Q\g‘ R
S % . PP B
2
0 4 T ‘ T ‘ T ‘ T
0 400 800 1200 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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SINI1.P9.130.pDC40 SIN1.P9.130.pDC40
Cyclic Loading Unloaded
10 8 4
i AR/R, | —@— at50N
8§+ ————- Load B —%— at500N
8 -6
—~ fam —_ 2
S z <
1 14 g Ry
& I~ > - X
< 15 =g ."’\t:x
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| ®
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0 400 800 1200 1600 2000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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SIN8.P9.130.pDC40 S1N8.P9.130.pDC40
Cyclic Loading Unloaded
8 8 2
{— ARR, --@— at50N
6 ————. Load i 8 —%— at500N
8 -6
~ ~~ —_ 0 —
S z <
o B TR e
~ 1 8 - ®-g°
< = < 5] .:X
—2 ®
0 -4 I I I
0 200 400 600 800 1000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
HE) 203 SINS j2 e #ok* S R0 TR L ()W B 5 (L)
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S2N3.P6.DC7.130.pDC45
Cyclic Loading

8 8
i AR/R, |
6~ Load
-6
e ]
1 4
P> |
<
—2
0
0 400 800 1200
Time (sec.)

Load (kN)

AR/R, (%)

S2N3.P6.DC7.130.pDC45

Unloaded
4
—@— at50N
| —%— at500N
2 —

01’%:1‘:{,.(
J %{
2
-4 L

0 2000 4000 6000 8000
Maximum load before unloading (N)
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S2N5.P6.DC7.130.pDC45
Cyclic Loading

2 8

] AR/R, |
-6

S |
1 4

> |

<
—2
0
0 400 800 1200
Time (sec.)

Load (kN)

AR/R, (%)

S2N5.P6.DC7.130.pDC45

Unloaded
0
| —@— at50N
—%— at500N
-2 —
L o P
Ix
4 .“
-6 —
—8 T ‘ T ‘ T ‘ T
0 2000 4000 6000 8000

Maximum load before unloading (N)
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S3N2.P13.DC19.130.pDC40
Cyclic Loading

ARR,

AR/R, (%)

0 400

800
Time (sec.)
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Load (kN)
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AR/R, (%)

S3N2.P13.DC19.130.pDC40

Unloaded
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-@— at50N
i —%— at500N
X
x

24 ,_&:’%’(

| @ X X

by

22 |
20

0 2000 4000 6000 8000
Maximum load before unloading (N)
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AR/R, (%)

S3N8.P13.DC19.130.pDC40
Cyclic Loading

0 400 800 1200 1600
Time (sec.)

Load (kN)

AR/R, (%)

S3N8.P13.DC19.130.pDC40

Unloaded
26
-@ - at50N
i —%— at500 N
24 |
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22 |
%"m\‘\
1 X
]
20 T ‘ T ‘ T ‘ T

0 2000 4000 6000 8000
Maximum load before unloading (N)
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AR/R, (%)

S8N4.P1.DC13.130.DC40
Cyclic Loading

0 400 800 1200 1600

Time (sec.)

Load (kN)

S8N4.P1.DC13.130.DC40

Unloaded
8
—@— at50N
f —%— at500N
4 7,&%&&&‘&‘
O —
—4 T ‘ T ‘ T ‘ T

0 2000 4000 6000 8000
Maximum load before unloading (N)
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()
o 8] 209 W55 AT 3E B 4 @ pLET el B 1 (@)SIN3 5 (B)SING 5 (c)S2N2 ;
(d)S2N7 5 (e)S3N3 ; (H)S3NG6 : (2)STN2 ; (h)STN7

i E
i E

(a)

W] 210 B IE KGR 4 % 32 R P W pLEFehEL 1 (a)STNT ;5 (b)STNS
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(b)

(c) " A

e

}

]
(d) s
NI 211 B GE PR 30 % 3R R R0 BLETehEL © (@)SIN2 5 (b)SINT ;5 (c)S8N2 ;

(d)S8N7

YR 212 52 R B R MR 30 % E P W pLErel B (a)SIN2 5 (D)SINT ;
(c)S8N2 ; (d)S8N7

(b)

R 213 R KR 75 X P W gl Erel B (a)S2N1 ;5 (b)S2N6

137

doi:10.6342/NTU202303943



V] 214 2iE Aok 4 % 3R 0 el ¢ (@)STNG 5 (b)STNG

) 215 2 #0k 30 % 3R R 0 BLETHEL 1 (a)SING 5 (b)SINS 5 (c)S3N4 ;
(d)S3N5 ;5 (¢)S8N3 ; (H)S8N6
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) 216 20 #10k 30 % & §EU IR Y 40 e R B 0 (@)SINT 5 (D)SING
(c)S2N3 5 (d)S2N5 ;5 (€)S3N2 5 ()S3NS ; (2)S8NS5

o I
2 £ bl 2 -8
(b)

SR 217 e Aok 75 % P W gldT o B (a)S2N4 5 (b)S2N8
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S5.P42.DC

16
in dry cabinet
Specimen
127 4 s5N1 —a— S5N6
R —--— S5N3 — % — S5N7
E\j 8 B S5N4 — % — S5N8
g ©  S5N5
~ 4
g
b, Ty
ﬁ*@%
T

40 60
Duration (day)

R 218 S5 Fr R Hp AT R g 1

S5N4.P42.DC55 S5N4.P42.DC55
Cyclic Loading Unloaded
76 10 74
AR/, 1 1 —@— at50N
o Load ,‘ -8 72+ —%— at500N
7 |
N1 Y | ] B
o 2 i Fa o
X il —e Z X 70 -
N2 A ‘\‘ ‘“ \‘ | r‘\ | c N2
o 08 AN IH I - B,
>~ Pl 4 9 2 68
< R R
64 — ““}f\um“\“\f}”w:\‘
ﬂ“\}\fl{““lr\r}[\flalfw ‘r 72 667
N Y NIRRT 1 |
e
MM RAR RN R
60 T JJ‘J \L r ‘ J l T ‘ O 64# T ‘ T ‘ T ‘ T
0 1000 2000 3000 0 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
7. LR, 4% 2 > 7 = 24 7 . . N . P N
W) 219 SSN4 Gk 18 IR LN TR ()@ ()
S5N7.P42.DC55 S5N7.P42.DC55
Cyclic Loading Unloaded
8 6
i 7 —@— at50N
P 4~ —%— at500N
> ' £
< 13 4
-2 @
2 -
0 -4 I I I
0 500 1000 1500 2000 2500 1] 2000 4000 6000 8000
Time (sec.) Maximum load before unloading (N)
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AR/R, (%)

S5N5.P42.DC25.H30
Cyclic Loading

0 500 1000

Time (sec.)

0

1500 2000 2500

%] 221 S5N5 % F 8% 30 = {2

AR/R, (%)

S5N8.P42.DC25.H30
Cyclic Loading

0 500

1000
Time (sec.)

0

1500 2000 2500

S5N5.P42.DC25.H30

Unloaded

2

1 --@- at50N
0+ —%— at500N
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4
69
'8 T ‘ T ‘ T ‘

0 2000 4000 6000
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Maximum load before unloading (N)
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Unloaded

4
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0 2000 4000 6000

8000

Maximum load before unloading (N)
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