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Fig.1.1 Transition of Composite rate accounted for aircraft structure weight.
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i) £T, 5EBICHITHNTWT, ZRENFTEDRHIFIREICIE > THuR L TERiSh
2.

aTRAT RIS (preflight check)

’E:TMT S L ATHIFERTIC I S hy, MUZERE R OB, BREHEAG,  HRIRTH OfER
EMThbhs.
b.A % (A check)

TV A A, EEN, BEFEREORIFEE LIV, FAERECCRAT RIS Ui A&
RTWVENEE, AT, TL—F, U VELTLE LT ARBENOGH ZFIH LT



IThhs.
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IR A — 78— L (plane overhaul) & & PRI, 2~3 RIBEAZ Ky 7 IZ AN TIThIL D ik
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BE, CFRP OEFIEIZIINREMRLON 25 5. 1 OBRAD—THifE. © 95 120%
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D5HHFEK 14T, [ZEFERITRELEE T LN TE S, L, LR, &2
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WCRITNTERT 52 SIZRETH S, —FH /3y T, HBIEHIZ CFRP O @R % #
EHRITHAET HAEEX 15) T, fMIEICHIEEZIT) Z ENHIKRD, MERRITA T — T4
BEIZHY | SERCMEZEE T L2 LIETE RV, LU @AMMEE LT+ hx
HoTuWna,

Z D8y FMHE & SHM Hifft LG bt 5 2 L T, BRI AR AT RE 2 R 15 & HIE L B
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e E+ORAECE D, TS K0 REARE ST SIS SR OEB N ATRETH B,
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Fig.1.4 Scarf Repair Method.

CFRP

74}1//_&%#5 il
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Fig.1.5 Patch Repair Method.
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ATIRHLTTZER T H TE D L5 2l b DO TRITIUT R 7220,

1-6 12 BRR 22 8T LUV O AR RE 2 R~ 3. HAM ORI T 7 A4 & At
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BIERE I NIE, CFRP Xy F 2 AW THAMEE T VI DO TH D, ZOREIT
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ZERE OIRBEIZ IS U= B S ATREIC 72 D . LS E IR BN FET 2 2 & 2I0ET 5
VR DO THRAMNEEZ & FIF5 2 LN T, MiEoRENEIZ/RD.

ZZCRIEE 722 DN, SHM HAITIC £ » THEE L 7B EER OB S Th 5, SHM Hiff
T, HOEBNICEER S D Z L2 HETETYH, BIEO MR KE S 2ET
L2 LFETERVWE LT). L, HEEECCMEICER I N> Th, LRREMEL T
BT DITIIMEERE 2 — Ll BICEfE S8 T b0, 22T, SHM HiffoFfo#H
{5 FEIRAHE TE O ASFEEVED Sy F RS OMEE DX E DX 5 R BE 52 D&MD
R L. TNEHE X729 2 Tl Ny FIROBFHEHZBET 22 BN ETH
L. Fio, Mz TR L 22 2 ERBEIIEROBEREL > Tl Y, SHM Hil
Lo TEDHEBFELZRM LTI WNT RN EH OMNIT 5 Z L blils %475 £ T
XEETHD.
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BB A RE L. ZOREMEBEEARETHICHED, MEREFR L LT SHM £
it b SEEEBHEE O R ENE L BEST 2 Z L OEEMEZ LV HIT T

Z T, AMIETIEZ OO Ofiie Ny FRFME 2 RET LI L2 ANET D, £
DT=HIZ, SHM il D & DHEEFEHEE O RFEEVEN X FHHEM ORI 5 2 5 %
PRIz, Fo, FREEBEEOFERELE LTI~ N v 7 A7 T v 7 ORERIRIEE, e e &
DIEEENHHDT [8], FICEBAL, EHKFEE B®EE L EHFEto 3 >oHEETE
WCERZHTT, BRAEETT . 72, HEERBOEVEZFDL ZLICky, #MEDB
S5 SHM BT TR L7e < TEW T 2 WBRIBREZ B S 0ICT 5 Z L3 k5.

HIEER D& ZH 5NN T H7201IC, Y F VA RT v 7Y a4 b(Single Strap Joint ;
LR SS)ilr 2179, Z o SS)ilihid, HBERBREGE L5 A&k, Ny FHiELTE L
WREAIEEL TS, IZUDICHIIE Ny FOKRKE I LEEBEON ERfR, HIERELZ
NENBLS BT ERZITV, IRITA RERMATIC K 0 GO R E M < > FHifE
HOEMG % 2 HBEBET L, REBEICELNHREN» CHRENEO RiEEM, HER
BEDEWEEE LIy FORREEEEZIRETS.
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auto inspection Rapid repair@local airports NDI and/or
after every flight @local airports ~ S&f€ ongoing operation Complete repair

CFRP Rapid repair method @large airports-
cross section

! scheduled maintenance

Fig.1.6 New Design Concept.

thin-walled

Sensor device

Aircraft outer surface (CFRP)

Repair Patch
Estimated Damage
Area

Actual Damage
Area

Optical Fiber Sensor

Fig.1.7 Schematic View of Repaired Part.
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F2E HEHERBOREEED Y FRIEHROMEN
5z %8

2.1 W

BT, BTLWVEREHES & By FHIEHIN 2L L, HEFEIRO R HEER
MBI RIETHEBEEZMODUNEND D Z L 2R Lz, RETIE, MEHOFEEZH LI
THEDICHEBEEBBELY 52 b Iy THEA M LIS LB L v 7V X B
7 v 7Y a4 h(Single Strap Joint, LA T SSI)ikBr i D51 A 4T 5. 1 UDITHIE X T
EBHEREGOME R EZZ(L S ER ATV, WRITH RERMHTIC L 0 A im 2 24815
RO RREEVEN 5 2 DB A LRI D,

2.2 FEBRITIE

2.2.1 B RUE

SSJ BBk A 1X, T700S/2592 ((Bk) L) @ CFRP 7'V F L7 & MW TEYELZ. LTI
Z DERRFNEE 7.

1. U727 % 320mmx320mm (2800 L, FEEHER[0,/90,]2(CFRP HifAk D il K
66000N) & 72 % 1 5 (2 16 Jg EH 7.

2. A= FZ7 L—7ICT10CT 2RI ET=dH L, BRETHAIL.

3. XAYEL Ry Z—%HWT, Waktlolzd L, B 100mm, £IIEFMICE D &
NI LTz, Tz "o T LfiEME LT,

4. 7 4V BEEEH] AF163-2KBM™) % FIWTHE SR & Ry F 2835 L, 05MPa OHNJE
TIZT130°C T 90 miEER At S Eodb &, HRE THALL.

5. ZAYEL B v Z—%HWT, N 20mm ORBRANEFEEAATHOTESL LD
[z L7
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222 ABRATE

RS OHEIXTRO B LI > TRIE L7

A RERST (@), (0), (©) ([ 20) 75, BEHEERE 05y FHBR) 5 bOEBOREGHE
DR USROG 2 B WL W5,

B. AT LA — =T v FEOE S ZF OB A (b) & (d), (©)&(e) (K 2.1)D k) b3
HEORE DR DHHEROIREIC 5 2 5502 5+ 5.

2.2.3 5| 3ERER

F— 7T 7 (WEERET) 2HN & HE4 BT o5 ERBRE2IT-o72. Ty v /IR
SiX 25mm & L7z, FLUTCHHERE Z5e L, &N ROEE %2 2 ORER T DR E
L7

180
220

o

=3 S

~— o 8| A O|T___ o
= N A < g
-~ ~ -—

100
60

(@) (b) (©) ) (€)

Fig.2.1 Specimen Configurations (gap20).
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2.2.4 FEEriE R

X 2.2 \ZZNENORBRST ONEW2ME - BN Z R, RFIO 05mm 1% E 2R
T, TNENORBRT THMERN R > TWD X IICRZD DL, BIEREED D)2
TRBAZLoNVEELENTELT, ONAEOENRBRA OXRHEEZE > TWVDHD
FeEEZOND. BIRBRE TIIBEMEN TS L, FoRBRAITHE—r W) mnE
WEZ 2 5. ZHITHEEERENICRANIE L), BiEE & CFRP O R mEICRAAN AN - F
PEBZLND. FIEWRHAICR Y, BEOICEICES. ZOZ L bEERBICA-T
BARNMRAIER L TVE, FoREL5I SR I TH0EEEZILND.

B 2.2 IZHRB N TEEOEERE L RS, WUy FRIZFHFORE (), (b)&XT()T
X, BHEREEBEOMNES Sy FHRICES3E, FloA—"—F v FHEINEL 2D
LR o THENKIBIZIE T LTS Z Enbns. —H ThOA—"—F v 7o
FEINE CRERA (D) & (d) (B 2.1) D Rh bR BB EOAE DR Y O b 51% 5 GRER T
(L) MR D D72 ME D BB (IR T 20%FEE B WRE 2 R"T 2 L BNbhoTz. BT
© & (@ICOWTIIERBEN/NETE D0, T ORI X 5L OFENEN 5 i
ICHEEICE -T2 e B2 BN D . IREICIBW T SSI 3B i O A FRE ST 21TV, Akt
EEAR G O 0 I X 288 EF RSN RRIZ DN TEREZIT O

35000
Overlap90-noeccentricity
30000 F
Overlap50-eccentricity
25000 | o
Overlapl0-noeccentricity
Z 20000 |
3
S 15000 r
10000 | Overlap50-noeccentricity
5000 | 7 Overlap10-noeccentricity
0 1 1 1 1
0 2 4 6 8 10
Stroke[mm]

Fig.2.2 Load-displacement curve (gap 20)
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35000

29937
30000 | g 26320
25000 | 22304
= 20000
S
S
S 15000 t
10000 | 7380 7492
5000 T '
O | | | |
(@) (b) (c) (d) (e)

Fig.2.3 Joint strength of single strap joints (gap20).

2.3 HRREZA AT

2.3.1 fRATET IV

AABRERMHT > 7  Abaqus 6.10[9]1% FIVW T, —RICHMARER T 21772, T
20 TR T 4 BSOS S BEFE(CPSAR) & L, JE S H N L CHERICO L SOEEZTE
FIALEAT T, MBI 2 2112, BF AR 2.3 1C5RT. FMHT 3821 IERE
WEEBE L. a—F—0O7 4 Ly MRS ORS00, i LIS NI 55, IR
RN ETIEA v 3 2 A RIKIE LTSRS 5 KRS B W THI TN ToORR A T
FI LY A XM A v 2bHTHI ETIRDREKBZ /252 L LT,

Table.2.1 Material properties.

Ei[GPa] Ez[GPa] v 1»  G1=Gi3[MPa]  Gz3[MPa] o y[MPq]

T700S/2592 135 8.5 0.34 4800 2700 -
AF163-2K 11 11 0.34 - - 36.24
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X-axis symmetry
boundary condition Load 10000N

A N
L.

Stress distributions
calculated along
these pathways.

trans_latlon to y-axis g g
rotation around z-axis

Fig.2.4 FEM model.

2.3.2 fEHTHE R

[¥] 2.5, 2.6 /= 5000N, 20000N £ faf B D FkER F1(a),(b),(C) (X 2.1) D #E 5 JE 12 83 1) 5 Peel Stress
DA%, X 2.7, 2.81C Shear Stress D434z 777 . MO S IEEK 2.4 1ZR-F /32 2o
THEEIT - 7. Bl PRI 24 1R T 52D 7 4 Ly MUSEERD B O BEfEZ R LT
5. ZORZIEK 24127 F X 91T CRRP (AR DA D & — BRI OHiAIZiR > T
%. 25, 26 A5 L, SMIOESEREBEL Y SNRIOIEINEL 0d 2 &, Fi-85
HERNNELRDICONT, IGHABRFEL o TNDE I NS, ZOMEITERD R
EH—HLTWD. ZORNEIFEITy F LPEEROP IO T I L DR K TE
CTWhEEZLND., #EEENZILLTY, BETHIMEFLEDLRV. 2F0, #
BEEPANSL 25 E, AUMEDOE ETHZOEERBITHNDICIREML, IS
DT <%, SHIZK25 L[ 2.6 THET S L, ENBIEZ DI L2 > T, fFl 40mm
&L 80mm DR /7 D Peel Stress D Z=D3FARTHIZIER L TWD Z &R0 5. F70HITR
OV &R 40mm TIEARSE IS ZEDME/N LTV 5. Z AU SZdil o R S K DB D B 2%
IR E VY. 5000N D BEFE T, fils 40mm DIF 5 (X LH DO R.OIC K DT A5E T L, 20000N
(2 50 THIRIC L A2 ZE OGN R M X, fF L 80mm DR 71X & Peel Stress 73 & 73
Lol tEZEZ NS, WHICK 27, 28 %15 &, Shear Stress IZIEEORELE T LA L
TN ERDND. INH D, BEETREEICIT Peel Stress SR E S EL TS WX
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B.

2.9, 210, 2.111Z 100N, 5000N, 20000N i fifREDFER Fi (b) & (d) K& UN(C) & (e) D& E
\ZF51F 5 Peel Stress D 5347 %, [X] 2.12, 2.13, 2.14 |Z Shear Stress D 4347 % 7~9°. [¥] 2.9,2.10,
QU Z R D &, BEERBENE LWICHEDL LT, RMONRWIE S GRBA (dXUE)1H 51
I GRBRA (D) L N T, EVIEHEZRT I ENbND. £z, 29, 210, 211 %
ENENHET D &, OIS X DIET D Z1E 100N A EFCICIzBl, [ U XL 5 22 RIER
{2 5000N F TIFAFHEKRT 5. 5000N F2 5 TEIEA5E T L, 20000N TS 5RAEIZ L 5 Peel
Stress OB, RO DA & WA OIS DZED G/ LT <. Shear
Stress T %, overlap 10mm O LL# TRIBROMF S R 6105 . RIZZRER IS L DS DZEN
B 5 0% SSI DAL ELT 5.

215 IZHBR A () & ) DB RMEAZ T2 & TOEROT 277, #H, ZFiEfEE K
DO BIRT D720, BRILRMEEE 5 5105 E LT, 215 # 1.5 &, HERA
(e)(overlapl0 mm no deviation) @ W7 i 5 [ IX FELIZ 72 > TV 5 A, @Bk 5 (c)(overlap90mm
eccentricity-80mm) O i 7 AHFEAL L TV D Z E RS, ZHUIFERRAe A — =T v
HRIICE > TELAOHMBOENRHIZNOELEEZOND. ZHICKVEEEEY OJF
FITZS T 23 1) S 4, Peel stress 23Nl Sz & & 2 5 Z &0k 5.

Gap position move to edge

AT [ N S000N
=\ ﬁ\i =
y
L,X Eccentricity \
inside \ AN outside
35 35
30 | 30 .
S 5t . = 25 Eccentricity-80mm
% 20 [ Eccentr|C|ty-80mm_ % 20
g 15 Eccentricity-40mm £ 15 |Eccentricity-40mm
® 10 o 5 10 .
8 5| No-eccentricity 3 No-eccentricity
a 2 5
U 0
-5 5
0 05 1 15 2 2 15 1 0.5 0
Distance from Patch edge[mm] Distance from inside fillet [mm]

Fig. 2.5 Peel Stress Distribution (gap 20 specimen (a), (b) and (c),5000N).
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Gap position move to edge
AT m N 20000N

A —— N ﬁ\i =
LX Eccentncny \
outside inside

200
< 150 |- o = Eccentricity-80mm |
< %0 Eccentricity-80mm a 150 4
2 =
$ 100 | Eccentricity-40mm £ 100 | Eccentricity-40mm -
Y ’ No-eccentricity = No-eccentricity. |
& 0 8 50 /
0 0 : '
0 05 1 15 2 2 15 1 05 0
Distance from Patch edge[mm] Distance from inside filletfmm]

Fig. 2.6 Peel Stress Distribution (gap 20 specimen (a), (b) and (c),20000N)

Gap position move to edge

N 500%

/.// Eccentrmlty
inside \\ N outside

60 60

50 f 50

= Eccentricity-40mm _ Eccentricity-40mm
F ol
%40 - £ 40 | Eccentricity-80mm i
8 3 Eccentricity-80mm =
& g 30 |
5 &
;:‘: 20 f = 20 ,
No-eccentricit 5 .
10 Y ? 10 No-eccentricity 1
0 0
0 05 1 15 2 9 15 1 0.5 0

Distance from Patch edge[mm] Distance from Patch edge[mm]

Fig. 2.7 Shear Stress Distribution (gap 20 specimen (a),(b)and (c),5000N).
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Shear Stress[MPa]

Gap position move to edge

e D1 AN et N 20000N
=\ \ =
y \
, Eccentricity
inside \\ \ outside
200 200
150 T Eccentricity-80mm glso Eccentricity-80mm
100 Eccentricity-40mm Z 100 —
& Eccentricity-40mm
50 f 8 - i
No-eccentricity & 0 No-eccentricity
0 0
0 05 1 15 2 2 15 1 0.5 0
Distance from Patch edge[mm] Distance from inside filletfmm]
Fig. 2.8 Shear Stress Distribution (gap 20 specimen (a),(b)and (c),20000N).
I — ”M 100N
o T \ =
iati _—)
Deviation <=mm) <— Same overlap length
5 E‘i =
< No-deviation
1 12
08 1
F s 08
s 06 No-deviation s
2 o4 z 06 No-deviation
3 & 04
3 02 Deviation & o2 Deviation
° or
-0.2 -0.2
48 48.5 49 495 50 8 8.5 9 9.5

Distance from Patch edge[mm]

One-side overlap length 50mm

Distance from Patch edge[mm]

One-side overlap length 10mm

Fig. 2.9 Peel Stress Distribution (gap 20 specimens (b)and (d),(c) and (e),100N).

19

10



Peel Stress[MPa]

Peel StressiMPa]

100
80
60
40
20

48.5 49 49.5

Distance from Patch edge[mm]

One-side overlap length 50mm

50

. __ 5000N
I — =
iati —)
Deviation <= <— Same overlap length
I g1
fry =
. No-deviation
45
r = 3
| o
| No-deviation % S
2 No-deviation
o ? 15
Deviation 8 ol Deviation
-5 C

8.5 9 9.5 10

Distance from Patch edge[mm]

One-side overlap length 10mm

Fig. 2.10 Peel Stress Distribution (gap 20 specimens (b)and (d),(c) and (e),5000N).

48 48.5 49 49.5

Distance from Patch edge[mm]

One-side overlap length 50mm

50

1 = AL 20000N
ol 1 Y \\ =4
oy l
Deviation <= <— Same overlap length
=\
& mﬂ =
« No-deviation
200
| g 150 |
No-deviation 2 100 | No-deviation
L 2 Deviation
Deviation e 0 |
0

85 9
Distance from Patch edge[mm]

One-side overlap length 10mm

9.5 10

Fig. 2.11 Peel Stress Distribution (gap 20 specimens (b)and (d),(c) and (e),20000N).
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Shear Stress[MPa]

1.6

14 r
1.2

1+
08

0.6

04 r
02 r

0

Shear Stress[MPa]

- A — R 100N
o 1 =
Deviation =)
<= <— Same overlap length
A [ N .
Cﬂ LY =
« No-deviation
18
16
No-deviati g
o-aevianon 2 l'i I No-deviation
Deviation 3 08 f Deviation
3 06
B 04
0.2
0
48 485 49 49.5 50 8 8.5 9 9.5 10
Distance from Patch edge[mm] Distance from Patch edge[mm]
One-side overlap length 50mm One-side overlap length 10mm
Fig. 2.12 Peel Stress Distribution (gap 20 specimens (b)and (d),(c) and (e),100N).
X ) o 5000N
o Y \ =
Deviation =)
<= <— Same overlap length
A — N .
o oY =
« No-deviation
40 60
35 — 50
30 L & | L
| No-deviation s 4 No-deviation
@ 30
20 | Deviation 2 20
15 F D -
10 & 10 | Deviatio
5 2o
0 -10
48 48.5 49 49.5 50 8 85 9 95 10
Distance from Patch edge[mm] Distance from Patch edge[mm]

One-side overlap length 50mm One-side overlap length 10mm

Fig. 2.13 Shear Stress Distribution (gap 20 specimens (b) and (d), (c) and (e), 5000N).
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Shear Stress[MPa]

120

100
80
60
40
20

ﬁ J _ 20000N
s i — =
Deviation ===
CVIEHON <y <— Same overlap length
J ] N
! B =
t ) No-deviation

200

=
[¢2)
o

No-deviation No-deviation

Shear Stress[MPa]
=
o
o

Deviation
Deviation
50
0
485 49 495 50 8 85 9 95 10
Distance from Patch edge[mm] Distance from Patch edge[mm]

One-side overlap length 50mm One-side overlap length 10mm

Fig. 2.14 Shear Stress Distribution (gap 20 specimens (b) and (d), (c) and (e), 20000N).

overlap 10mm no-deviation

overlap 90mm eccentricity-80mm

Cross sectional direction is inclined.

Cross sectional direction is vertical.

Fig. 2.15 Deformation Diagrams (gap 20 specimens (c) and (e)).
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AT, BEORMEIEN Ny FHEHOMREICH 2 D EBETD 2D SSI Wbk
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FHIE HBEORE ISPy FHEROMREICEG X LEE

3.1 W

B R TITHREHEIRO RHEEMEN Ny THREEH OB 2 2 B2 MRIE LTz, RET
T TETEONEREZE 2T, BBEELNRE LT, HEOKRE INR Ny T HHiE
EROFRFEIC - 2 DA P D .

3.2 FEBk

3.2.1 EBRI7ikA

B OHEZBRWT, B B TR HEEZHCTEREIT- 7. B o~-TEEX
BLIC/ART. AN ZATEZI2ELFRLTHD. RILA—N"—T v TREITgp DRKEED
HEEZT.

190
230

-_—

oi

-—

185
I
]
|
]
40
. 80
52.5
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-~
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| |
J

52.5

w ] — —
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~ o - ~—
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—
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Fig.3.1 Specimen Configurations (gap5).
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3.2.2 FEErFE R

¥ 3.2 12 gap5 OFRER T O E - AR A R T, ARRBRICBE L CiE, BB onm A
DEZTWLOT, B EMBDOONAIEDEVITIZEA LT, Lo T, FL
FEEOBMER LR L TWA. SIIERFE TlE gap20 OB A & [FIERICHEERT RICE S &, ¥
— VI EWENB I, BENERLTWL I ENTRENDS. LB B
T 5 &, gap /I WGy, HVLEHORODIZ K AERENRRENEL KL b7,

FERRERZ K 3.2 12T, BOT LT 7 Xy NI L DT VT 7 Xy h RS L TH
0, EOMBRF OBEEBENZRLTWD. K322 /5L, AllA—1"—T v 7R SN
10mm OFRER T 2RV T, gap20mm OFRER T DI O BRI EWIRE 2R3 2 & R
L. A —"—=F v 7EHES 10mm ORBTIZOWTITHREOKRE EORERH DRI
BEIZE ST LE o, AHREERRLNRN-TEBEZLNE. ZORENLHE
BOREIIZLSTERRDL Ny FORFEZATORITNITNTR2NEN) ZEBNZEDH. D
£V, AWFZENRET D3 FHEHNTIE, SHM HiiZ2 HVTh 5 FLE ORSE THED
REIZHETEXRITITNT 200,

WIZZ DFRFEDFEN TEERICHOWTHIREZRMBH 2 WV TEET 5.

35000

30000 F Overlap90-noeccentricity

25000 Overlap50-noeccentricity
Z. 20000 f .
=) Overlap50-eccentricity
©
S 15000 S

10000 r
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Fig3.2 Load — Displacement curve(gap 5mm)
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Fig.3 .3 Joint strength of single strap joints (gap5 and gap20).
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Fig.3.4 Stress Distributions (Comparison to gap 5mm and gap20mm, 5000N).
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Fig.3.5 Stress Distributions (Comparison to gap 5mm and gap20mm, 20000N).

Deformation is large.

Deformation is small.

Fig.3.6 Deformation Diagram (gap20 and gap5).
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Fig.4.1 Specimen Configurations (delamination 20).

Fig.4.2 Inserted PTFE Sheets in CFRP.
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Fig.4.3 Load — Displacement curve (delaminatnion 20mm)

31



Load|[N]

45000
40000
35000
30000
25000
20000
15000
10000

5000

34784 Delamination 37333
i 33002 No-delamination 33598
28770 28850 1837629528 ‘ |
(a) (b) (c) (d (e)

Fig.4.4 Joint strength of Patch Specimen (delamination and no delamination).

Fig.4.5 Cross sectional view of adhesive failure in specimen (a).

32



Matrix failure

0.5mm

Fig.4.7 Cross sectional view of adhesive failure in specimen (c).
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. _ Crack propagation
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=

Fig.4.8 Cross sectional view of crack propagation in specimen (c)
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Fig.4.9 Peel Stress Distributions in adhesive (specimen (a),(b),(c)and no-damage,5000N).
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Fig.4.10 Peel Stress Distributions in adhesive (specimen (a),(b),(c)and no-damage,20000N).
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Fig.4.11 Peel Stress Distributions in Patch edge(specimen (a),(b),(c)and no-damage,5000N).
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Fig.4.12 Peel Stress Distributions in Patch edge(specimen (a),(b),(c)and no-damage,20000N).
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Fig.4.13 Shear Stress Distributions in adhesive (specimen (a),(b),(c)and no-damage,5000N).
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Fig.4.14 Shear Stress Distributions in adhesive (specimen (a),(b),(c)and no-damage,20000N).
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Fig.4.15 Shear Stress Distributions in Patch edge (specimen (a),(b),(c)and no-damage,5000N).
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Fig.4.16 Shear Stress Distributions in Patch edge (specimen (a),(b),(c)and no-damage,20000N).
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Fig.4.17 Peel Stress Distributions (same overlap length and no-damage, 5000N).
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Fig.4.18 Peel Stress Distributions (same overlap length and no-damage, 20000N).
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Fig.4.19 Shear Stress Distributions (same overlap length and no-damage, 5000N).
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Fig.4.20 Shear Stress Distributions (same overlap length and no-damage, 20000N).
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Fig.4.21 Specimen Configurations (gap10+ delamination 10).
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Fig.4.22 Load — Displacement curve(gap 10 and delamination 10).
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Fig.4.23 Joint Strength of Single Strap Joints (gap10+ delamination 10).
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Fig.4.24 Fracture Mechanism (gap10+ delamination 10).

Fig.4.25 Cross sectional view of crack propagation in CFRP.
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Fig.4.26 Comparison to Fracture surface.
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Fig.4.27 Peel Stress Distributions in gap20, and gap10 and delamil0 (specimens (a),(b),(c)).
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Fig.4.28 Shear Stress Distributions in gap and delami (specimens (a),(b),(c)).
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Fig.4.29 Calculated stress pass around delamination tip.
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Fig.4.30 Distributions of stress concentration in gap and delami (specimens (a),(b),(c)).
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Fig.4.31 Peel Stress Distributions in gap10 and delami10 (specimens (b),(d) and(c),(e),2000N).
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Fig.4.32 Peel Stress Distributions around stress concentration in gap20 and gap10 and delamil0
(specimens (b),(d) and(c),(e)).
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Fig.4.33 Shear Stress Distributions in gap10 and delamil0 (specimens (b),(d) and(c),(e),2000N).
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Fig.4.34 Peel Stress Distributions around stress concentration in gap20 and gap10 and delamil0
(specimens (b),(d) and(c),(e)).
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Fig.4.35 Peel Stress Distributions in gap20 and gap10 and delami 10 around delamination tip

(specimens (a),crack propagation).
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Fig.4.36 Shear Stress Distributions in gap20 and gap10 and delamil0 around delamination tip

(specimens (a),crack propagation).
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Fig.4.38 Shear Stress Distributions in gap20 and gap10 and delami10 (specimens (a),crack

propagation).
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