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Abstract

Experimental study on bond properties of carbon fiber reinforced polymer
(CFRP) laminate glued to steel substrate under cold temperature

Hisatsugu TSUDA

A fact-finding survey the ministry conducted in the wake of the collapse of part of the
ceiling of the Sasago Tunnel of the Chuo Expressway in Yamanashi Prefecture in
December 2012 revealed that urgently needed to promptly work out and implement
safety measures. In the above-mentioned background, Carbon fiber reinforced polymer
(CFRP) materials have been often used in civil infrastructures, such as bridges, to
strengthen steel or concrete structural members. Because CFRP has the superior
characteristic that other materials do not have ie light weight, high strength and not
corrode. But there is not the standard design method about the CFRP-steel plate
interface. Therefore, it is necessary to investigate the safety of the bond line and an
effect of the CFRP plate reinforcement experimentally. The mechanical properties of
steel with high modulus CFRP laminate under cold temperature were not studied
sufficiently, though the laminates are often used in strengthening of steel girders. It can
be valuable to examine the bond behavior of the CFRP-steel interface subjected to cold
temperature. The present study shows the effect of cold temperature on the behavior of
CEFRP-steel interface. The experimental investigation was performed to examine the
flexural behavior of the CFRP-steel composite beam subjected to cyclic cold temperature
variations. To study the effect of improper gluing work, some beam specimens including
un-bond region of CFRP laminate are prepared in addition to the full-bond specimens.
The paper discusses the mechanical properties of the composite beam. The thesis
consists of 6 chapters, and contents of each chapter are shown below.

In Chapter 1 “Introduction”, outline of the repair, reinforcement technology to the
domestic steel bridge by the CFRP laminate glued to steel substrate is explained. Also
the objectives and main contents of this thesis are described in this chapter.

In Chapter 2 "Effect of cyclic cold temperature on the behavior of CFRP-steel plate
interface”, the purpose of this chapter is to examine the behavior of the CFRP-steel
plate interface exposed to cyclic cold temperature for a long term for three months The
result indicates that deflection of the CFRP-steel composite beam increased linearly the
lowering of the temperature. In addition, the test confirms that the deflection and strain

of CFRP-steel composite showed a constant value during a loading period of 3 months.
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The test implies that slipping, debonding and creep deformation of CFRP laminates
were not observed due to the cyclic temperature changes.

In Chapter 3 "Effect of cyclic cold temperature on the behavior of the CFRP-H steel
interface", aims to examining the strain behavior of the CFRP-H steel using rigid H
steel distortion of the CFRP board at the time of low temperature. To study the effect of
improper gluing work, beam specimens including un-bond region of CFRP laminate are
prepared in addition to the full-bond specimens. The strains of beam and CFRP
laminate under the low temperature varied due to the difference of coefficient of
thermal expansions. The behavior was caused by the shear deformation of adhesive
layer. In addition, the test implies that the difference of strains of an H-beam and CFRP
laminate in the low temperature is bigger at beam-end than mid span of the test
specimen.

The observation implies the cyclic cold temperature variation has a significant effect on
the shear deformation of the test specimen. This result also shows that end-slip and/or
debonding of CFRP laminate occurs at the end of beam. Even in the cyclic temperature
test of specimen with bond-defects of 50 mm, thermal strain of CFRP was almost equal
to the strain of bottom flange of H-beam at normal temperature. The results confirm
that slipping and debonding of CFRP laminates were not observed due to the cyclic
temperature changes.

In Chapter 4 “Flexural strength of cyclic cold temperature on the behavior of the
CEFRP-H steel interface”, the purpose in this chapter is to examine the flexural strength
of the CFRP-H steel interface. The experimental investigation aims to examine the
flexural behavior of the CFRP-steel composite beam subjected to cyclic cold temperature
variations. As a result, all composite beam specimens tested in this study indicated the
following failure. Upper flange of the H-beam with CFRP was firstly yielded, while
yielding in bottom flange of the control beam was observed. After the yielding, the
bending deformation of the beam was increased by the applied load increase, and the
CFRP laminate finally broke down at the maximum load. The flexural strengths of each
test specimen were not significantly different. The test results also confirm that the
bond-defects may be negligible for composite beam subjected to the cold temperature
variation. The experimental investigations imply that the bond-defect of 50 mm or
greater may affect shear force between the bottom flange and CFRP laminate.

In Chapter 5 "The numerical analysis about the debonding of the CFRP-H steel
interface", and the CFRP laminate based on the experimental investigations obtained in
Chapter 4 by simple theory numerical analysis simulated the process that debonding.

As a result, the shear stress between CFRP-H steel had a biggest beam end and
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showed that debonding occurred at the end.

Chapter6 “Summary” shows conclusions of this study, and describes the future studies.
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U, FE<BELT < D2 Lnnb, &it, MLICHREERLELERD.



() T AfE— k

T AMHE— M, BRESY o T RER E OB R D, T T ARHKE R R
ELTRESh, #iETm, MR ECER Y, RS OO E TN 5.
HRED ORHE - IRV DN T D T T AHES — ME, T T AR, S0
BRI AR LT 7L o— e LTSN OO TH Y, ILHAORIENM &
LTELELTHD D THD. BE-1. 5 ISR AT T A s — R OSMBL A, £z,
ﬁi5’”%ﬁ@kﬂﬁ72@%/ﬂF®@%kﬁﬂ%ﬁ® Bl Z T, SEHR
WAL T AMfE S — B, SEIMRORENI L > T EAMEE SN 5. BYEATEZRERMEC
BLelz ,wW%@%%A®ﬁfﬂ%é&fiT ETHD.

FE-1.5 RIMFELEEAS AGH L — FONR (ERERESEERESR. 2012)

F-1.5 BIMREEILE F S A > — b+ DIELE & MR DA
(EXRFREGEERER, 2012)

FExt SRR 0 u YRR MIHMES AR Ve
(mm) (N/mm?2) (N/mm?2) (%)
1.0, 1.5, 2.0, 2.5, 3.0 115 8.8 X103 256~32
KA T AMHMEOTEIHL, Ta v T FAMT Py FTHY, ZORESE, 7V TFLrv
—hDESTHD.

MHIEMEE, Yo /R EE, U LT — R L L TERE (FRP) &7 RBET
DEBRICELHERETH 5.

MICROT AL, BRORHMEE L U CTRICHE SN TRV, RWHRE & v o 7R 5o
MG DIITEHETX 5.

7T AWHES — D OSEIE, BHENE L LIDIREED b DICH>WTHRESh, FI9EmE, Y
VIR, EROT I ONWT, BxORHEES LTEDLN TS, (JSCE-E541)
72, T ABHEEM OTRE (— HInEfed#E s — N ETFa v T FRA T Rv v b)),

e R, BIEOFER CIC Lo T RBESSY o VRN R > T D, LR
2T, W7 AMHEY — N ST BUARORIE CEt iR ik (JSCE-Eb41,
JISK 7164, JISK7165) 128V, ZORMEESHERIN TS, 7283, SEINRELA
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BilE 2SR LTV, BFEON T AHES — M, S & REWHE L OB &R oz
OICEA SNEZEmRHSH. (LAS, 2009) £7z, W7 AMMEL — FEE, KRBT
L— b EHEM & OBERBICHIAT S Z & T, 1T BECRT D EFRE A k3 S Hik O
5, 2007) bREESNTND.

(6) 77X Pk — K

T 7R PHEIZIE, AZRERTRRHY, MHE - RO MRS LTE, moRE TR
BIEZENDNTRT T MBSOV OND. BE-1.6127 7 X N — hosEl %,
Fiz, ®-1.61CT 7 X Fil#ES— b OFEE AP EHRE O 2 F iR,

BE-1.6 732 M — NS (732 FBBRER—LR—D&Y)

F-1.6 73 I Ml — FOBESIMHHEEON (XREREGEERER, 2012)

\ e B A& AR S t 5 IRIRE ou Yo TR
No. HAE 717

(g/m?2) (mm) (N/mm?2) (N/mm?2)
1 1 45mM] 280 0.193 2060 1.18%x105
2 1 45mM] 415 0.286 2060 1.18%x105
3 1 45mM] 623 0.430 2060 1.18%x105
4 1 45mM] 830 0.572 2060 1.18%x105
5 2 J51H] 90 0.0310/0.0310 2060 1.18%x105
6 2 J51H] 180 0.0621/0.0621 2060 1.18%x105

XOIBRMEE, Yo 780, FIAv—MIEENZRL, BELZESE (FRP) OfF
THD.

KBTI, BROFHEE S U TRICHE SN TORWS, B & v > 74780
BRI DIRITHIETE 5.
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Wiz CFRP #K & S OBEIZ O DI DMENC b DR R ORI DWW CEL FICE
LD,

RFWHET L — NS TIRICH O BRI, MBI U7 E B OV R 24 L,
RAGHE T L— DA RIE S EE LIRS & R~ L— MR 7 < B
ERINFEIN, REFHET L — MR TED L ONRRE SN TND. [REMHET L—
Mg TIE T, RS L — O RICHEEAZH mm OESIZ8A L0 big, #E
MFEERICH AT TEETH. LR, B5AI, BAEERICALEDLD Z L],
DNDEB R IR B L — N L SR ISR R BB SN THTHOEEAIES (1~
2mm FRE) ARERTE DHE L, MU I A AT 2 B ONRESH TN,

B TV TR L UOBRBERMFA BB LT, ERMEIOGSU-MEERMET 5 L 9 I12E
SN TN D, AR TGO RFEHET L — Mg TIEOEERN ok TFRIEIC >V TR
-1. 317,

DT HhiniE QRERFIA L @7 L— IR

FARIY U —FHFINT, TL— FEREOBREAMERN TL— rEREDES . KE
BABHREOTEBERSE 7. (E—LT54/ ROBE) —51Y
NOBET 5.
DR .
(AR OIEERIES ©7L— hHhft

AR I —ICEER T EERIZTEEEMEALT, TL— FEREONEIZER
BHTD. JL— bEIIY—ITEER E O—3>—FZALTRH 5.
MY B.

B-1.3 RFWHETL— MEBEIZOKEIFIR
(ZZBIRA 275 Tv90 (K R"—LR=D4&Y)
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fi TER B2

ML, e - fTROMEEE TR TX 2 L D18, M LS X ORAROIRECR
[, METBRBESRMSE ToBE L TEMISND. BIEOR LRESMEL, IRE 5CLLE,
SR R A U TORRE T DIRE 85% LA FCh 5. Bl O FRIAKIRECHE M 2 miiR
EMENES (BCARR) (21, M LEG CINEREEITO », KEHOT A ~—, &
RGBSR E D,

BT, BEAOEI RIE TR E ORI OWTE, YV ELES M 2202
BB ~D RBFHME T L — N DB FHE A R L2 RIS W, SR b I —E
RIROMB Y IR UATEAEH ST THHEERELHER D Z L3R o722 EWE (KD,
2010.11) SN TWAHR, BOBEUEITE—A » M EZ 0 D8I 0 (2RO P pER R 35
e L— M A LRI, 13T 2580882 Z L PR SNTWD. (LA,
2011) L7z28-C, BUBRIICIE L, TEX ARSI EORELZ TRV L 5, L
DOIFEHZ TRT D Z ENEE L.

T HuLER

CFRP # & S5 & OBEE AR T 5720, SREMEmOBBESIIREL, FiEo TH
WREIZT 5. MAMBROZBHFEEL, 77X IPLEE LD, T4 AT F X —2dD
HBHFFE AT HOHE, HOVITHICBIEENED L 5 G AI10E, BEEDHRTEX )
BN EBERNCERR LI VR LS, BLMThbh T\ a, £/, Sk Rmicimy
REDHND DD &, CFRP A& $EM O8I BB A RT3 720, AlEFR S 2
WIS RE A TEIRT 5. {HREIY, EF CMo TRIEAMESEL 2DV E I
RETROFH, BEHOFER EOLEMTHONTND.

s

CFRP 1%, FOMHES I LS TIERE LW, 3R SN2 7 i ille o m
P EXET, ELVMEREIS, HRU B2 WE S IC8ET 5. BIORESE L — M
& LIETIE, ERERHER TERWEGEES, ATEOMMIRAERETE W EOEENRL
ETHD.

®4E

CFRP o5, #EMPZIRT 2 E TOMIL, SLEIIST TEEEGIAR/AET
L. KIS, TARFVEIIRL, BRREOKSITKIGEL, EEARSLEMREBELD
BENRHDHDT, CFRP ROBER, SREFBIESCEAEAN IR 5 £ Tlak
EEZARBDPDLRNE DICEET L. £z, W, BROMNE S RF UHIREOBLIZE
WL RITT DT, GREEBIRECEAERDBCT 5 £ ClIBEN L R8ETD. 72
B, BREEHCEARN T D £ TIIEEMIIA N MER L2 & 9 ITBLkE
T 5. FIRE R AR e AR O 6, A1 AR O B2, XU 10C TR 3 |,
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20CT2H, 30CT1 HESNTWD., FREREHO AT, IR 10°CT 2 #HH,
20°CT 1M, 30CT3 HEEL SN TWAD. =61, KR F TR LIS 2
SET HHEMICH D, FHT S CLL N TIRZE A ETIPSEE RN LD, INERAZFIZL
DEEHZ SCLL IR OMEN S 5.

IRFRAE T L — MEOE TIA T, BRE THMEO®EOWEERZ WSS, kimE,
ERMLICEEL T, EACIVETLICL D, MHRANRETHREEL TR Z &R
HEE L. (EHDL, 2005)

1.2.2 CFRP¥E&IC K SRS HICET H88%R

CFRP #5 Ti£TlE, CFRP L#icm 7 U — N OMBHFIEOFERITE R 2 RSP,
RIBEM B OFRHE R RIS T DML LT, BYST), Ins=y 7ER, 7 U =77 E0E
M TEY, ZnLITEATLIREMTON TN D.

APE TR~ X 912, CFRP L, #ie= 27 U— k& R&E HRIBRIRED 22 A8 T
b%. DX H7 CFRP a7 U — MIEE LT2nE, [URAEET L &, #lva
> 7 ) — k& CFRP OIRERZRE, WHENS TN ZNRR L0, WEIGH BusH)
BAELD. BUSHIZ K> TR 7 U — MIAEL DGR, #EAIZEL DT ARG
BT DR, B U DSBS AR S D TIAORSE, 72 b WNTIRED CFRP 0l
SHECE 2 DB DR Th T o,

LITIC FRP (FiZ CFRP) OEUSHIZET DBHEDOHIEESIET 5.

Dutta + Hui & (1996) 1%, CFRP &5 24t & o 2 FEOE M BN 31T 5 HUkbm i
TERIC X DMHAPEIZ DN T-60°CH S 50COMEIAWEIH OB IR UIRE A5 %, i 7
LTV, FOBMAREE RS Lz, 2 FEOEEMEHIR HRTRO DO THY, £9
FEN T A a F5 ket A 7w L CTHRITR LT D O Th o=, EBROER, miEixEH
YA 7V TIREEALEZ T CHEIRICERIA A Ues, BE 1T BENE L2017z,
ZH R B RIRERE T W TR, MM ORI TR FRP a0k L
DIREEACITRT D BRI IR I ANE I R RET 2 L 2R LT,

Oliveira - Lavanchy © (2008) 1%, REMMEEEWOA— ~ 7 L—7{LF ONERIG
FIOEEIMTxT 5 BRI RO 88 % 65 FBG A - TEBRMICHR Lz, — ko
AT TAEERET NI =0 L . =R AGEW L I — R RIRD 4 FEHOFL
ERNCRE L, SFOBE/ROE A — 7 LT OFEMEIC LD O T ANz, 5E
BROFER, RERBAOTHPT I =0 LERITIHOSFO L ORE Stk
WTHE G AIC RS T bz, & ZAR—J, —Rr OFFRICRE SRR E N
BT LRI A OTERRESNR -T2, 2T LY, BEICE > TRGIER LY
HIEMERNCESTT 2 BICBEN THDLZ L AR LTz,
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Cao * Wu & (2012) 1%, RFEWHEL KE =RFEE T — FOSRBREICEZ DR
LRI DWT 20CH B 500°COHPH TEBRAVICH LM Lz, EFRFERN O EIRICRD
EX R VR —RENEIL, 77 A N DBETHL T DI DI IREBE A OMEN
KFIoZ 206N,

Kim - Hossain & (2012) 1%, b L728ifE FRP 5RO A & U -CTH B 5 fafn
R & E(LH D D 7 DIRA X A T O=R X U fe 2 A=\l AWHET OKIERE T
(—20C) TOMANEZDNT 43 FEOMEEE AV TEBRIICHGF 21T o7, £, 3
WITE T IATIC LD ARRERE Rk 5\t ABIEFEOEB O TRIARE L.

e - =905 (2001) 1E, =7 U— REmIC CFRP v — M THiifR L7234 CFRP
Rl ar s Y= NEOMEERICIETREIREORELY 50T 5720, RER
EAE-15CH D 60°CTEIEY, 1R ELE~ORBERIELZ. £72, CFRP v—
N7 ) — hgEET HRCEAROIBEN CFRP v— k=27 U— ML
BRI RIET BB DD T h s 21T o 72, EROFEE, CFRP v — ka7 U—F
ML BEM B FHEL, FEBRFOIREICHZEICRELZT, BIEORECHSE R b NE
ERFDIREDEEI NS N EdbhhoTz. F£7z, CFRP v — a7 U — MK
FAERINE 200CO5GEIR b RE L, BRRER L OMRIRREEIC /2 218232 23,
FRCEEREICB T 2R TRE LN & AR LT

BB T 5 (2005) 1%, CFRP v— N OFETREOMHEM TG Z MREET 572912, BREE
BEICER L, 77 AEBIRESCH B DARE A 2 5 mIRERE T CIIREOR T 2388
ZL0, BRLRLT L R5 L ENTOHZRFUBIETCCFRP > — ha2 =27 U — K
AL, Mol EEANMERREIT o7, FHHEE < BEE = L X — 0L B AW
SR A SR & U O ETREICKT D IREOREBLZ A L. EROMBE, Hiishi
13 < BERREE o R L — L SRS R | 3R R 2 SRR O TH AW A48 2. 2 BRI
ICBWTAMICED T A2 L 2R Lz, £72, MEWEREISE 28 2 BREREICRBVT
227 U= bW AMISITIE T L2, BHIEOR ABIRENME T3 57200, 1L
BEIEOBIEMNGEL TS Z bz,

T KAD (2006, 2007) (%, WEZEIC L > T CFRP HdEaHRIAE U HENE T
BLUOBAEFICAE UL IEL BT AMIG %, CFRP M &8 & ORI H 7 Afll#Es — k
(GF 2 — 1) ZFALISGE & RIEADGE QWIS LTI S nc Lz, &
512, CFRP AREAEHR A BIEL, FEBHER & OBAIT, TSRO LML S H
W LT, FORER, T Ak — M CFRP AR E SO AT 2 Z &k b, BE
BAbEZ T D CFRP BB U5 1% < Bt AVBRIG S8 7 7 AL — DARIEAD
LBEODFNLD B TFTHZ EEHLMNC L. £, IBEZEIZ L > T CFRP M5
FACA U B IS0 O &R/ @, RBE R & TR TR ThH - 1.

K - RIS (2006) 1%, AT OBREHIRIRMS T THRRNLME - i Tc& oL
FEOOEDE UTREMHE S — N AW TIEARE L, S REBHE — M EHE S
H, 20°C~60°COMV K LIREZ 100 A L, ORI OV TR ATz, 0k
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B RBEMHES — b OIE < BRI AT, IBEY A 7 LVATTE O S BRI I
AIOHDEEDLLRNT PR LT,

- KA D (2008) 1%, CFRP AR AL A AREMREE FIH O DAV S AR
K LUTC, SO ZFTEDEE TR T &85 CFRP IS K X5 L O < B AWG
JIOEHER A FRRAICHA SN LTz, £, [AEEOSRMTHIERBR ATV, TR O%
LA SN LTz, BERAEATIC Lo T, 1L BRGS0 s & e ARSI E A OB AT
FEERL L. 72, SIEABROMEE, CFRP WA ERIIE MEHEEEE R AT 5
ZEICE T, EL<SHEEANIS MR E D Z AR LT

Z - 1UR S (2009) 1, FHREKEZEE A, mmE CFRP K CHA LT-#5T
B & T, BEBRIEEA-10CH 5 60°COFH T34, BEkRFOLRRRAETT-
7. -BCH 5 A0COHH T Z OFHE TIED B AR OV TRIED RN 2 & s L.

£ - BRE S (2011a, 2011b) 1%, CFRP ARKAS B Nl s #RczE S =g <t 5
W, IREZIZ L o THRICA L 2 8UE ) 2R S & 5 HiE L LT, IAREREDS DR
2REDT VI =0 A4 E CFRP AR & 3R A T 2 FIEAIRE L, EBR2 oW
CCBAERAT ATV, B U7z THAIC L D8RO BIG ) ORGSR A H M Lz,

1.2.3 CFRP 552 & St M LICBE T B

CFRP #3512 K S i A BICBE A28 T, #2520 28 255 & L@
wKH%<, TOWRCHITE—A L FEZT HEM IR E LTIGmIRL0.

ERBIERNA L LT, Bih2% T 58 b —A 2 M o5 bRicER
ST MR (BEERS VO LBRER 0D LEROIST ISR & IRFBEHHET L — R
LoEEEmE LCRHRETED L), b N CFRP OIX< BEICET 23 CTh 5.

£, I, R EERERNRE LT, KEMHET L — PO TERICERO 7 LA
N LA BB NG D IFIEORREN, O FEIR I3 % CFRP #EMRICET D780 T
TN D.

LIFIZ FRP (FiZ CFRP) i 71 L B4 D BHEDOWITE 25159 5.

Ve - BB S (2000) 1E, SRBOMETEM & LT, TL-14 & E Cixat SN 7=BEfF O &
BiEfTEAKS S L7201, CFRPIREEH L, fiROMENRELNDL Z &2 ERIZSL
DB LT,

NP - 2D (2000) 1F, BEEAATLEEOHE T CFRP — FABETTH
T THELNDMERIIONT, MITHBRETV, BEl, &k, EFMOMMOA
WA NRTA—=Z & UTER L. ZORR, e KMT A OUE I ZRIAD 553, HhikE CFRP
DB LS OGS HENRRE S EEBERIFL, BT RITBENE LT RD
Z e nbirolz.
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BPRR - 2115 (2003) 1%, CFRP M ZERMIZEEE L, CFRP A & ikt 7 OFUE A 24k
A, MEIAROIE < B RS L OMBIS I OIR T (lTRehE) 1oxhd 2% B8R A SERAIC R
U7 ERER L VR DEWEG S, CFRP RS S TWRWE TOOT A28, 4
BETOOTAHL D B REL RBHEANH D Z LBtz £z, CFRP RO BN
U72354r, CFRP HUHEAHIIZ RO CTHASRATAIC IR U, BT < BEA L U 5 ATHE
MEAER LT

EFH - @b (2004) X, 77 I FROREGHET L — M ORI R & Sk OBER D
FERFE AR T B 72, BIIRRER - EiF5 RS RS - 5IIRS AW SR B A 1770
&b, HEIZY OF 7 70 DAICHERHHE T L — b 2850 ), Z O R
EMTETE T OBEFHEAE FHE Lz, FEROER, ffic X v MMtk L, H IR
T7 7 VOBIROTAEEINTE, ZORRITTHEERORFEMMET L — FREHETH
otz Fie, BEEHHET L — A2 1B T 7 T oV FIICEET AT, h%E 17~25%
BREFFSELZENTEDLZ ERbh-oTz.

g - AEE S (2005) 1E, LA RLRAEEALT CFRP »— NI L B8O f5a%)
REMRL, LA ML AREALTESGAICRE LS 22 2844 & CFRP & o Rk < o s
A BAIETE DI BRI AR L, T OB R 2 ERIVITHRE L7z, #iimr £5 T,
FRSHTHERAIC CFRP v — M &5 2 L2k » T, BIRITES 10%, LA RL A
BEEANTDHE19%A LT 5 2 Lidbhotz. 7z, CFRP v — MIBATL LA LA
B2 8000 u FREETHIUE, 1T BRI A CFRP o — MEsicR T 51 < B F A &BS
ETHZENARETHLIEERLE. EBIC, YVARLRAEZEALTCFRP v— &
BEAET 2 051k%, B0 T L— N~ LT85, HEROBRE CIRE SN DK
& 1~2mm R TE L A[ietEi b5 Z &b otz

Zif « /RS (2008a, 2008b, 2009) 1%, LM ORELL, BESICRHT SRR
IRAE TR LT, RSB — N AW E TIRCR T 21X < BEREOmM L& By L
L CRETEITo 72, ROt B HEICER LTZ55RRB & FEM T2 =i L7z, &
DFER, RBMHED — M 2T U TEEET D 2 & THEEROIG B IR S < #d
Eom ECEHTHHZ LER L. £, S oWmE KIBHOMEIZER L2 HE 0
< BEFRFE ~ DB L HE R ORMFEETT\, CFRP 24515 2 L CHEM R END 2
EDPDISTINENIRFTEL AR LT,

1.2.4 CFRP 552 & DR AR L(CEIY 843

CFRP #3512 K MR ErA BICRET D098 b LN 2 <AThh T D, BIEDZ <3
GIREM ~FRP #5217\, SIIRIS ) 2 # 0 iR UG- 2 7R BRI 2 b D Th - 7z,
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LUFIZ FRP (F1 CFRP) OS5 M Ak m B2 B 2 B E DA 51554 5.

AR HH D (1999) 13, UIRE DD X ADIAZBGIET 5 -0 O AEE L, CFRP
BRI & o THITR E AL 72 B1R & (R & 25mm, Jeifi 28 2mm) %69 28K (100x9x1000mm)
DFIERR AT, YR E2H T 28I & LT CFRP #E VW2 Z & O FRetEC
DWDTHR LTz, ERROFER, B AW 11%, CFRP AR Fiil & it Tk x <, CFRP
KR 7 6 OREEEAS 30~110mm O TIZIEIFE 0 Th -7z, CFRP HIZER D% KT 23
R 5 £ TR B L7ed -~ 7=, E£72, CFRP AR 1X < BEIZZ O & 5 il ()
REER) MOAELELDOTHD Z EIVRINE.

W« JEHD (2003) 1%, FRBIRSOERAE ORI L, 9 HORAEE T 5
BHOVTRAE LTS HOBREBIESE D W BEND, IEENE REMES — T
L, FEITEREITY, RO RMESFEOBEAEZ DWW TR 2T 72, Z 0Ok
R, A AT 20mm BREOHEEICR A TE LRI LT, £ 20%I571 &K T X
éijuﬁ%@%/~F%%@ﬁifﬁV%ﬁjk EZOWRE LN 1/6~1/7 FREITA

IEMNRNEAFTE D Z ERbho Tz,

@-ﬁ%%(%%)i IR - AHEICHO DIV TO DS EBIR A B B, Zo
IR - WEDREHERT DT DIEROHEEE W TETRR AT o 7. 51T, HiiE
EORE S EEHER (B ARG S, 2012) TRENTOWDESTEROSEEBEL, &
HF—2EHhEbEsBLICLVRIh-EARDO X ZNER L THEICEDS ETO
He 0 IR LRI A JE LT IR R MG DAL D IMREE AT o 7. FOFER, SRR LA ERH
AITO Z &Ik Y, BERTRAFICE A, EEAICE D ETIT 1.6 f5~1.6 fFRREORTH

MOIEMENFENEFFTE D Z L3 bho Tz, EHFMOLEMDREDOFIA & L TR O]
PEOAR FHE A BIHIT 2808, 7 X AOEBREMHIT2ENH 5 Z L3R ST,

A - LR S (2007) 1%, CFRP BUEEEIC L 0 SO T X A e L=8ra, B2
I X 2 EEN e ER 3REE . CFRP IARICRIT 2 S HOBEAHET 2 2 LICHD
L LT, TR —=CEANTEE=Z Y o ZORREMIC OWTHRATE, ERAE 21T
ST, FORER, ZHOERITHE > THER 10k %212 CFRP ~B1TT 5 Z &b, CFRP
FRAEAHE D & 2R iE A2 CFRP ARRE O 2 SO OFHAENLFHETE 5 2 &8 FEM
FRATIC L0 BRI R END & & HIT, EHRABRIC LD 20 E WA D, I HIT,
BEOOT AT —UhEHA LT, XZ5ERN TSN DR Eo CFRP #iZm o O3 7
ZOEReEHETNE, XEHOBEEE=F Y T THZENARETHLZ L ERLT.

kS« 225 (2011) 1%, CFRP WSS L B35 2 AEHER %, BEOWHE B
FO(BR - FEHED (2005)) ExtHEEHETC, EEMOICHLCI L., mAA T v MRS
T BRAE LTS ERHOMEEL T LT, CFRP O35 7L OFIESE LIAHED S
SR D BEE TERE D IE RN AT R BT OV TRNTIOI R ST L T-. B (R A
Brick v, EZUEMOSDILREEEEE LT, TO/RBEIRE LET D L L big,
R T FICED W S ZEE AT 21T - C, MEROWETHEMEHEE L.
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1.3 #Z%EEM

WA, SRSEY ORHC T B — A v N R 22T DU ORI - T e E LT CFRP
FIUR L7 TIEOBIRNEAIATON TS, CFRP #RIE, WM S < Ealdk « @il &
STEMEEE L, MREORNIEEZE T2 ENERTHL 2 b IKFEASh T
5. Fl, BTICBOTHIE CHEE S ORBINRS ThDH. 2T, AW%EICE
WT b TSR Z B E 2 T CFRP iz ffgexi & & L7z,

CFRP ¥ ZFIH U728k Em OmE « MR TEICIIUTO L ORS 5. RS A
O, BIGTOEREEEEL BRI 2 LN T DB — 2 TG T
BRI LAY LT RSB 7 L — b2 AV D b o, o Missic it i @gmn -4 >
AfME— N EFOWIZ 0. SEEHOMEMTR S U CRBMHME S — MBS CTHERT
% b O EkA 7R BRSO THEIIG U AR O LTS, (s - AaE S, 2000 ;
D - AHHE D, 2002 ; fEA - WIS, 2003 ; #4 - ALE D, 2004)

CFRP &858 U 1= 86 12 RE A0F981, 13 < BEREICE B LA el bic & R
L 7269872 BRI DAFATHIZ DR AT O TV DA, (KIB FOREE TOER I
& B LR sy b e, TSEOEREET A - Ffg DEERE (B AEi e,
2002) 123U T, 2 2 OFEA IS L TIE 1I0C A EHERE & LT —30°CH5 50°C
OEFADIREZEICH LTEFT DL IICHESN TV D, Lo T, HEEmOHE - 4
SEATEEE L C CFRP #RIC & 0 (BHEME A2 D 72 0i21, KR FOBRBE COERE A &
I TR LERDHD. AR THE, KIEFTAKATEERL, ROEOHBFHEKIE
NIRIETH HAEOHBE T IZB N T—72CTHH 2 LD —5CHEH —10°CE &K
EEICEEL, B0 VIREZALIT 1 BOREEZEMILEET 100CRE, B S IUNT
15°CH%, A THLAMEET20CTHD 2 ENEFDRTEE 30C LB L L.

AT, RIRTICET 5 CFRP AR A HE S8 HONS H Sl i oF it /) 525
ATV, S 512X CFRP ROIFHEE A G T 5 H SO i /15 a iz, KIE Tk
B AR RET A OV TS AT o 72, £, FEBRERZ S L0 LIS il
KT 21TV, CFRP AR DT < BB OV THE|I A4 T > 72,
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1.4 RXOBEREBE

AHFFEL, IR TI2H U C CFRP AREAS IS & 0 ik S - & o5 580 g,
AAE D TGRSR A BT FRERNTEE U T, FaARY 7 DR & il TR DD TS 21T o 7z
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